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GENERAL TEST PHILOSOPHY 


The problems of testing microprocessors has been elevated past the 
conventional methods of testing integrated circuits. Just the fact that 
the microprocessor is not a simple collection of gates in a random format 
or a well ordered structure, like that of a large scale memory , does not 
lend itself to conventional means of testing. What is meant by the conven- 
tional means of testing is the commonly used DC test checking for inputs 
‘and output voltages and currents. This DC testing cannot prove that be 
microprocessor is operational, because there are from four to six or more 
levels of logic between the input and autelie pins. Also the conventional 
way to test random logic by applying a string of input patterns in a burst 
will only check for steady-state faults stuck at logic 1 or stuck at logic 


O, and will not check for any instruction or data sensitivity. 


There presently are many ways that both manufacturers and users are. 
performing testing of microprocessors. These include methods such as self- 
testing, comparison testing, stored pattern testing, and algorithmic-aided 


pattern testing. 


First Step in Testing 


The first item to be considered when testing a microprocessor is to 
understand the operation and architecture structure of the microprocessor. 


The operation of the microprocessor is controlled by the execution of an 


oe: 


instruction set unique to each microprocessor. There is a great variety 
of microprocessors on the market today, ranging From 2- and 4-bit slices 
to 4-, 8-, and 16-bit complete microprocessor unites. But of alJ the pro-. 
duct types, 4-bit slices, like the 2901 , and 8-bit microprocessors, like 
the 8080, have gained the widest. acceptance and therefore are good exam- 


ples to use in describing testing techniques. 


| In general, a microprocessor has two internal buses: an 8-bit bidir- 
ectional data bus, and a 16-bit unidirectional address bus (Figure 1). 

The data bus carries both the instruction code and data. Instructions are 
decoded and executed in connection with the appropriate controls in which 
‘data going to both the arithmetic logic unit and accumulator can be manipu- 
lated by special arithmetic or logical operations. The address bus links 
the main memory where both instruction codes and data are stored. Stack 
‘pointers, program counters, and register files also supply information to | 
the address. Finally, there is an instruction decoder which interprets | 


each instruction and controls all operations of the microprocessor. 


Since a microprocessor is a complex sequential logic structure and not 
simply a few gates or an LSI memory, a true and meaningful test requires 
the understanding of the hardware architecture and software functionality 


rather than only the simple logic of the elemental structures. 
The hardware architecture is the internal organization with consists 


_ of an ordered set of modules, such as the register stack, accumulator, 


arithmetic logic unit, etc. Software functionality is a set of ordered 
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FIGURE 1: Basic MPU Block Diagram 
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microinstructions which can be used to monitor the operation of these 


modules. 


Upon developing complete knowledge of the microprocessor unit through - 
both areas, one can develop an ordered set of test sequences in the micro- 
processor's instruction set for testing each module one by one until a 


. complete test has been developed. 


In general, a microprocessor has two buses: an address bus and a data . 
bus. The address bus performs two functions, addressing the external mem- 
ory and/or addressing the internal scratch pad memory. The data bus also 
performs two functions, supplying input data to the processor and output- 
ting processed data. The data bus links the internal functions of the 


scratch pad memory, registers, arithmetic logic unit, etc., together. 


Modular Breakup 


The next step in microprocessor testing is to partition the device into 
modules, with some modules possibly averiapping: The selection of each module 
should be accessible from the input/output bus..by the execution of micro- 
instructions. In other words, data should be able to be applied to the 
vie input. and propagated to the output directly or indirectly by the use 
of the microprocessor instruction set. The test then shall be generated 
for each module of the MPU so that a worst case test pattern will be run 
on that module. For instance, if the module in question is a RAM, a gal- 


“loping 1's and O's test pattern is used as this type of pattern is 
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considered to be worst case. 


From the standpoint of software functionality, a set of MPU instruc- 
tions should be executed when testing the first module. Proceeding toward 
the second module another set of new microprocessor instructions will be 
executed. (Some of these instructions iayhae been executed previously.) 
This process will then continue until all of the instructions within the | 
instruction set are used while testing each module. Then a final test 
Should execute all instructions to verify that all modules are working 


together. 


Two- fold diagnostic information is provided by this technique. First, 
from a hardware point of view if a failure occurs, the faulty module is 
pinpointed. Inherent in this type of modular procedure is the fact that 
convenient breakpoints exist in a module-by-module basis. Second, in con- 
junction with each module, a set of microinstructions are executed; if any 


fault occurs, the specific instruction(s) can be isolated and identified. 
Architecture and Test Flow 


The architecture of the 2901 lends itself to the modular approach be- 
cause of its own hardware and microinstruction architecture. Figure 2 
1llustrates the block diagram of the 2901. In examining this diagram, one 
will notice that the device can be divided into the following modules: RAM, 


Q register, arithmetic logic unit (ALU), ALU source decode multiplexer, RAM 
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FIGURE 2: 2901 Architecture 
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and Q register right/left shift logic. 


Once the information has been acquired on the module breakdown, a test 
flow can be generated. Since the 290] has an ALU section, the first areas 
to be tested should be those areas which supply data to the ALU. The most 
logical of these is in the RAM module and then in the Q register module. 
Once these modules have been tested, they can be used as reliable data 


sources for the ALU module test. 


A typical test flow for the 2901 would start with the RAM memory, fol- 
lowed by the Q register, ALU source decode multiplexer, ALU, and finally, 
the RAM and Q register right/left shift logic (Figure 3). During this 


test flow, all microinstructions for the 290) will be used. 


Test Technique 


Formulating a test plan will differ between the manufacturer and user. 
The reason for this being that the manufacturer has access to the logic 
diagrams of the device, which the user in most cases cannot obtain, and 
their quantities are in larger amounts than the cei Therefore, more 
elaborate tests can be developed which optimizes test performance and test | 
time. The user has an advantage over the manufacturer because his test, 
in its simplest form, can be tailored to his specific needs, but the manu- 
facturers' test has to guarantee all operations of the microprocessor. Not 
receiving schematics, logic diagrams, or other circuit information the user 


must therefore rely on either vendor supplied test programs or perform 


TEST 
PATTERN 


TEST FLOW 


CHART FUNCTIONAL TEST DESCRIPTION 


RAM Test A galloping "i" and "0" pattern is applied to 

the RAM in three combinations. 

1. The RAM addressed by the "A" address and 
tested through the "Y" output port directly. 
The RAM addressed by the "A" address and 
tested through the ALU. ALU is held at a 
fixed instruction. 
The RAM addressed by the "B" address and 
tested through the ALU. ALU is held ata 
fixed instruction. 


sO ay A number 15 is loaded into the register and then 


REGISTER read. Next, a number "0" is loaded and read. 
This is followed by a 14, 1, 13, 2, etc. until a 
"QO" then a 15 is loaded. . 


ALU Source The ALU Source Decodes are tested to see if all 
Decode decodes are possible. The test is performed by ~ 
‘loading values into the RAM and "Q" register and 
selecting all decodes while testing for any 
‘interaction between bits or selections. 


A series of numbers are loaded into the RAM and 
"A" register. These numbers are then used as 
inputs to the ALU. At the same time, all? outputs 
and flags from the ALU are monitored, while 
incrementing operations the ALU can perform. 


RAM and "Q" All numbers from 0 to 15 are shifted through the 
Register RAM and "Q" register. While the RAM section is 
Right/Left being tested, all locations are tested. After Approx. 
Shift Mux. each shift, all possible number combinations are 8200 
outputted to the output latch without clocking 
the latch, to see if there is any latch sensitivity. 


FIGURE 3: 2901 Test Flow Diagram 
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extensive characterization to generate worst case test patterns. This 
characterization is needed to guarantee full operation of the microproc- 


essor for a variety of applications in which the device is used. 


The Optimum Test 


At first glance of the 8080 MPU block diagram (Figure 4), the comp lex~ 
ity of the device is not readily indicated. This is because there are 

- only eight data input lines. However, in addition to accepting data from 
the input bus, the MPU can accept data from internal registers and accumu- 
lators. If the MPU could only perform pies ane tiiet one a test could be 
developed without much difficulty, but the MPU is capable of executing many 
instructions in sequence. Because of this, the number of combinations of | 
instructions and data patterns that the MPU can perform would be extremely 
long. 


A commonly used formula for calculating the total test time to exhaus- 


tively test an’ MPU is C = QMN Where C is the number of combinations of 
instructions and data patterns, M is the number of data bits in each word, 


and N is the number of instructions the MPU is capable of executing. 


For example, an 8-bit MPU that only has ten instructions would require 
280 test cycles for an exhaustive test of all possible combinations. 
Assuming a test cycle of 1 us, the MPU would take approximately 38 years 


to check all combinations of instructions and data patterns. 
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The 8080 MPU can perform approximately 76 different instructions. 


one possible combin- 


Using the above formula, there would be a total of 2 
ations that could be performed. Obviously, this is an astonishing number 


to exhaustively test the 8080. 


Test Techniques 


Once realizing that the optimum test cannot be created, one looks for 
other means to test the MPU. The first approach considered is called self- 
test. The self-test is the simplest and cheapest means of determining if 
an MPU is working. Self-test, or in-circuit test, is the technique in 
which the device is placed in the circuit where it will be used and tested 
for correct operation. This is utilized by some users who feel the cost of 
incoming inspection cannot be justified. Therefore, they will typically 
test the device using several different system operations. The advantage 
of this Festi is that the actual operation of the device is tested in its 
circuit, eliminating the requirement for a separate costly test system. 

The disadvantages of this technique is that any of the in-circuit condition 
changes, like voltage fluctations, temperature , timing, and instruction 
changes, may not be detected until the unit is in the field. The rework 
cost of finding and removing a faulty device must be considered before this 
method of testing is selected. Typical costs for finding and replacing a 


gate 1s as follows: 


$3.00 to $5.00: Board Level 
$30.00 to $50.00: System Level 
$300.00 or Move: In Field 
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Since an MPU is more complex than a gate, the above cost would be 


multiplied by the complexity factor of the MPU. 


The second method of testing is called comparison testing. Comparison 
testing is the method in which a known -good device is compared to the 
device under test. The hardware required for this eyae oe test 1S very 
simple, requiring only a pseudo number generator connected to all inputs 
and all outputs from the known good device and comparing the device under 
-test (Figure 5). If exact comparison does not occur, the device under 
test is considered bad. The advantages of this method is that the test 
system 1s inexpensive to develop and with a little more hardware added, 
voltage and timing conditions can be created. Also, if enedavies 1S oper- 
ated for a few minutes, most paths through the device will be checked. 
Like any test method, 1t has its disadvantages also. The biggest disad- 
vantage is that this method requires a known good device, which-is a problem 
in itself. Some MPU's have illegal instruetions, EereaciS: no guarantees 
can be made for the data coming out of the device. Also, critical timing 
into the device may not be able to be maintained if pseudo numbers are 
applied to the input of the MPU. Last of all, if the device fails, no fail- 


ure information can be obtained to determine the cause. 


The next method of testing is the stored pattern method which utilizes | 
a known good pattern stored in some form of data memory. This pattern is 
then applied to the device under test in a burst mode and the device outputs 
compared to. the stored response (Figure 6). There are two means of gener- 
ating patterns using this method. The first method is to input a test pat- 


tern into a known good device and record all input stimuli and output data. 
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The input patterns would be created from some known application. 


The second method of generating the stored pattern would. be to develop 
a software or hardware simulator for the device to be tested. A known 
instruction sequence would then be stored and used to compare with the 
device under test. The advantage of this technique is that the user's 
instruction sequence can be completely tested and that sensitive data paths 
can be checked with ease. Since the tester that 1S required to perform 
this type of test usually incorporates variable voltage and timing circuits, 
these parameters can also be checked. The main disadvantage of using a 
known good device for generating the test pattern is a "known good device." 
What test is available to determine what is a known good device? The dis- 
advantage of the stimulator approach is that a software or hardware simil- 
ator is required. Since the schematic and logic diagrams for each MPU are 
not readily available from the vendor, it 1s difficult for a user to develop 
the simulator. Even if these could be obtained, it would take a knowledge- 
able programmer three to six months, at least, to develop the software. 


Other disadvantages to this method are: 


LARGE, EXPENSIVE MEMORY. High-speed random access memories or 
shift registers become quite expensive when any great amount 

of memory is needed. In testing the program counter for the 
8080, for example, 262,000 distinct patterns are required. A 
memory test on the register array of an 8080 takes approximately 
90 ,000 patterns. The cost of memory can quickly become a major 


part of the total cost of the test system. 
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LONG TRANSFER TIME. The overhead time required to transfer 

a long pattern from disc, core, or other mass memory to 
high-speed RAM can make a large dent in the throughput rate 
of the test system. If transferring a 1,024-bit pattern from 
disc to RAM takes: 50 milliseconds, a typical figure, trans- 
ferring the test pattern from the program counter takes 13.1 
seconds of overhead time, in addition, to the test execution 


time (262 X 50 X 107° 


Seconds). 

INFLEXIBLE PROGRAM. The stored program cannot easily be 
modified while tests are in progress. This rigidity makes 
it difficult to perform special or unusual tests on a single 
unit. A substantial amount of off-line software Support 15s 


needed if such tests are to be accomplished. 


The algorithmic test method utilizes a high-speed programmable pattern 
generator in conjunction with a local buffer memory. The contents of the 
buffer memory is a test pattern consisting of microprocessor instruction 
sequences and either full or partial data input and output response patterns. 
The buffer memory pattern is then applied to the microprocessor under pro- 
gram control of the pattern generator. A distinct advantage of this test 
method offered by the use of a programmable pattern generator is the ability 
to choose how the test pattern is applied to the device under test. This 
will in turn determine whether the stored data pattern and output response 


of the microprocessor is full or partial. 
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The first option is to apply the test pattern in a burst mode as in the 
previously defined stored response approach. In this case, the device 
data pattern and output response stored in the buffer memory is complete, © 
with the pattern generator acting as a counter to advance the test pattern 


vectors. 


In the second mode, special algorithms are written for the pattern 


generator which simulate the microprocessor instruction execution. These 
special algorithms input nicpoprpeessor instruction codes and data pat- 
terns at the proper point in the instruction cycle, and compare the device 
output accordingly. However, the device data pattern and output response 
may be partially stored in the buffer memory and partially generated in 
real time by the pattern generator algorithms. The effect is to enhance 
the MPU test program by allowing a significant increase in the number of 
test patterns used, enable additional tests to be performed that would be 
difficult, if possible at all by any of the previous methods, and reduce 
the total amount of stored test vectors. A disadvantage here is that. in 
addition to the buffer test pattern required, a separate program for the 
pattern generator may be necessary which increases the complexity of the 


total effort. 


This technique, which eliminates the delay time in transferring pat- 
terns to mass memory, is extremely efficient and flexible in generating 
patterns for logic modules such as binary counters, random access and 


read only memories, shift registers, as well aS microprocessors. 
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When used in conjunction with the module approach, algorithm pattern 
generation permits faults to be diagnosed so that the particular module 
or instruction which caused a failure can be isolated. The disadvantages 
of this method is that a sophisticated tester is required. The programmer 
needs to be knowledgeable of both operation of the MPU and the test system 


itself to develop the program. 


The recommended approach to be described is a combination of stored 
pattern and algorithmic techniques. This approach was selected because of 
its ease of program development (stored pattern) and its thorough testing 


ability (algorithmic). 
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BASIC BLOCK DIAGRAM 


As shown in Figure 4, the basic microprocessor unit includes a data 
and address bus, accumulator, arithmetic logic unit, register files, stack 


pointer, program counter, and timing controls. In the following figures, 


Figures 7 through 11, the 8080, 8008, 2901, 6800, and 1802, block diagrams 


— are illustrated. 


8080 


Using the 8080 (Figure 7) as a reference, al] other MPU's are structured 


very similar. Other than their instruction set, they differ as described 


below. 


8008 


The 8008 (Figure 8) is very similar in architecture to the 8080. The 
basic difference is that the 8008 has seven 14-bit stack registers for stor- 
age of return addresses as a result of subroutine calls. The 8080 has one 


16-bit pointer for controlling an external memory stack allowing more than 


seven levels of subroutine testing. 


2901 


The 2901 (Figure 9) differs the most from the 8080. The 2901 is only 


~the process portion of a basic MPU, a 4-bit processor, which lacks any 


-19- 


8080A CPU FUNCTIONAL 
BLOCK DIAGRAM 


{8 BIT} 
INTERNAL CATA BUS 


ACCUMULATOR | 
18) 


ACCUMULATOR 
LATCH {8 


FLAG 18 
FLIP FLOPS 


POWER 
SUPPLIES 


DATA BUS INTERRUPT HOLD 


0, ; Dg 
BI- DIRECTIONAL 
DATA BUS 


 OATA BUS 
BUFFER‘LATCH 
(8 BIT) 
INTERNAL OATA BUS 


INSTRUCTION 7 


REGISTER im 


l 


INSTRUCTION 
DECOOER 
AND 
MACHINE 
CYCLE 
ENCOOCING 


Mui TIPLEXER 


tL 
REG. 


REGISTER SELECT 
E 


STACK POINTER 


5 1 
PROGRAMCOUNTER 


INCREMENT ER/DECREMENTER 
ADDRESS LATCH 116) 


TIMING 
AND 
CONTHOL 


— 
oo 


WAIT ADORESS BUFFER 


WRITE CONTHOL CONTHKOL CONTROL CONTROL SYNC CLOCKS 


| 


WR DSIN INTE INT HOLD HOLDWAIT | SYNC 01 92 RESET A 


ACK 


FIGURE 7: 


|| - 


—_ 
- 


A 
ween ADDRESS BUS 


8080 Block Diagram 


-20- 


REGISTER 
ARRAY 


8008 CPU 


Block Diagram OATAG 


{8 BIT) 
INTERNAL OATA BUS 


————— 


INSTRUCTION 
REGISTER ta! 


| 


INSTRUCTION 
DECODER 


TEMP.REG. § TEMP, REG. 
a. (sg b. {B} 


FLAG 
FLIP-FLOPS 


ARITHMETIC 
kocic 


AND 
UNIT MACHINE 
(ALU) CYCLE 
ENCODING 


TIMING 
AND 
CONTROL 

POWER ——e -9V 
SUPPLIES ] _. gsy 


STATUS INT READY SYNC CLOCKS 


[| 


SYNC of 2 


| 


READY 


SO $1 $2 INT 


FIGURE 8: 


o2\|- 


D,-D, BIDIRECTIONAL 


I 


DATA BUS 
BUFFER 


I 


US 


(8 BIT} 
INTERNAL DATA BUS 


STACK 
MULTIPLEXER 


PROGRAM COUNTER 
14) 


ACCUMULATOR 
ig) 


REG.  (e 


LEVELNO.1 (44, 


REGISTER SELECT 


aaadaae 


LEVEL NO.2 yg, 


LEVELNO.2 44, 


LEVEL NO.4 yg, ] 


STACK POINTER 


LEVEL NOS 


itary REG. 1% 


LEVEL NO. 6 SCRATCH 


PAD 


(14) 


LEVELNO.? 1, 


ADDRESS 
STACK 


8008 Block Diagram 


OETA TIC atu 
CONTROL PUNT TIOr 


MICROINSTRUCTION DECODE 


crocs 
BW OsTAIN 
"A (AEADI re 
ADOAESS fh’ ADORESS cr 
Ran td G 
- 1@ ADOMELSAGL TE REGISTERS 
be OREGISTEA 
fTAEADWaITE) ‘B ADOATSS 
ADDRESS “-~ a 3 
Oata Cala 
Our out 
Orme? 
Data we 
ALU DATA TOURCE 
SELECTOR 
6 
CARRY IN ’ 
cy 4 
#, SIGN) 
OVERFLOW 
P+ 0009 
Qutrut 
Qmasii 


FIGURE 9: 2901 Block Diagram 


= 27 = 


ordered instruction set. Therefore, the 2901 does not have an instruction 
- decoder. The 2901 does have a register array (16 words X 4-bits), an ac- 
cumulator (4-bits), and an arithmetic logic unit (ALU). The 2901 does not 
have a program counter to control from which memory location the next 
instruction will be fetched. This is controlled by external circuitry. 
Last of all, the 2901 cannot execute a jump or ibvouune call by itself; 


thus, it also lacks a stack pointer. 
~ 6800 


The 6800 (Figure 10) is structured similar to the 8080 but does not 
contain a register array. External RAM is used for all scratch pad oper- 
ations. Also, the 6800 includes two accumulators as opposed to one provided 


by the 8080. 
1802 - 

The 1802 (Figure 11) architecture is similar to the 8080 except that 
the program counter and stack pointer are included as part of the register 


array. Also, instead of having a 16-bit address bus it has an 8-bit bus, 


which multiplexes the address in 8-bit bytes. 
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Ill. 


MODULAR APPROACH 


As previously shown, all microprocessor units have a similar architec- 


ture from which a basic test philosophy can be adopted. This philosophy 


is to develop an approach to test each module separately accomplishing the 


following goals: 


A. Verify the functionality of each module within the device using the 


input/output pins of the device and its instruction set. 


B. Test for destructive interaction between functional modules. 


C. Verify all timing, status information, and interrupt operations of the 


device. 
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IV. 


DESCRIPTIONS OF THE MODULAR TEST APPROACH 


Since each MPU is structured around a similar architecture, a common 
test approach can be adopted and applied to each device. Once this 
approach has been established, further requirements are to implement the 
approach according to the specific architecture and instruction set of 
each device. The following is a basic description of a generalized test — 


approach for each module previously described. 
A. Program Counter 


1. Verify reset state. 
2. Verify that the counter can be incremented through its maximum 
range. 


3. Check any possible register transfer to the program counter. 
B. Register Arrays 


1. Verify that each register can be loaded individually, if possible, 
and its contents stored to the data bus. 

2. Verify register-to-register and peal stepsto-olleout transfers with — 
all possible number combinations. 

3. If the registers can be incremented and/or decremented, verify that 


they can accomplish this through their complete range. 
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Stack Pointer 

1. Verify that the stack pointer (registers) can be loaded. 
2. Check to see if stack pointer transfers are valid. 

3. Verify increment and decrement Operations. 


Arithmetic Logic Unit 


1. Verify ADD operations, with and without carry. 


2. Verify a SUBTRACT operation, with and without a borrow. 


3. Verify. all shift left or shift right operations. 

4. Verify rotation of a numerical value, if applicable. 

5. Check all logical operations, for example, AND, OR, EOR, etc., when 
applicable. 

Accumulator 


1. Test to see if it can be loaded and read. 
2. Check for any transfer operation that can be performed. 
3. Verify that the accumulator can be incremented and decremented. 


Timing and Control 


1. Verify that all control timing occurs at correct reference points, 


for example, data bus enable, sync signals, write enables, etc. 
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2. Exercise all control operations on the device to verify operation, 
for example, WAIT, HOLD, INTERRUPT, etc. 

3. Verify any status flags that are produced during an arithmetic 
operation, such as carries, negative or positive numbers, over- 


flows, etc. 
G. Instruction Decodes 
1. Verify full operation by execution of the complete instruction set. 
2. Verify execution of branch and jump operations. 


3. Test for interaction between all modules, and verification of all 


data paths between modules. 
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V. PROCESSOR TEST DESCRIPTIONS 
A. 8080 


The 8080 is an 8-bit microprocessor using an N-channel silicon gate 
MOS process. The 8080 can be divided into the following modules based 


on its functional block diagram (see Figure 7). 


Functional Module Breakup 


1. Timing and Control 
Instruction Decoder 
Program Counter | 
Register Array 
Stack Pointer | 


Accumulator 


ao DD OO FB Wh PN 


Arithmetic Logic Unit (ALU) 


Due to the complexity of some tests on the modules, a flow chart 
of the recommended test will be used to ease the burden of understanding 


the test. 


Timing and Control Test 


The first test on.the 8080 is to verify the operation of all timing 
and control signals. This test was selected first because the basic 


operation of the MPU requires that timing and control] be present. 
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TEST 1, RESET: Verify that the Hold Acknowledge (HLDA) 
appears following the rising edge of clock 91 and that the 
Data and Address buses go into a tristate condition fol- 
imc the rising edge of clock @2. Verify that the Inter- 
rupt Enable (INTE) is reset. Last, following the removal of 
the reset, the Program Counter is equal to 0, which will 
appear on the address bus. When performing a reset note 
that the reset signal should be present for at least four 


clock periods. 


TEST 2, TIMING: Execute a NOP instruction following a 
reset, verify that the SYNC Signal occurs within the first 
clock cycle, that the DBIN signal occurs in the second clock 
cycle, and finally, that the Program Counter increments 

and that it is present on the address bus during the fourth 
clock cycle. Follow this NOP instruction with a Store 
Accumulator (STA) direct instruction and verify that the 
Write (WR) goes low during the third clock cycle of that 


instruction. 


TEST 3, HOLD: Present a Hold signal to the 8080 and verify 
that during T2 time cycle Hold Acknowledge (HLDA) appears 
and the Address and Data buses go to tristate. Upon re- 
moving the Hold signal, verify that HLDA is removed, and the 
buses are enabled. During the time that the Hold signal is 


present, the 8080 should be in a Hold operation for the time 
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that the Hold Signal is present. 


TEST 4, INT: Execute af Enable Interrupts (INTE) instruction, 
followed by a few NOP instructions, and present an Interrupt 
Request (INT) to the 8080 during an NOP instruction cycle. 
Verify that the Interrupt Enable is present during Tl time of 
the next instruction. This INTE signal should not go high 
until Tl time. Upon presenting a reset signal to the 8080, 


verify that the INTE signal is removed. 
Instruction Decoder Test 


The next test on the 8080 should check the Instruction Decoder. 
This test is used to verify that the complete device is operational 
and that it will execute all instructions in the instruction see 
This recommended test is designed to test all instructions but not all 
data patterns. Table 1 is a listing of the recommended instruction 


sequence. 


Program Counter Test 


This test includes a reset, which Clears the Program Counter, and 
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NOP instructions or any other instruction(s) to verify that the 
counter will increment through all possible addresses. A flow chart 
of this test is illustrated in Figure 12. This test will verify that 


the Program Counter resets and increments. The only operation 
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NOP ' Veewsesaeaeanaenannwasanwawanawe ft 
EI * LOCATIONS G@ei5 ARE FOR THE * 
NI * HAL TeHOLDeINTERUPT ROUTINE «# 
FI tenn senerraenananenansa tees nweanwat 
LxT SP 

(VERIFIES HIGH IMPEDANCE DURING HOLD & HALT) 
SPL=sa2 §Paaia2 | 

SPH=Ai 
RST CAT AASB) 

PCH(2%) TO (SP=1) 

PCL(@7) TO (SFe2) She 220100 
EJ 
HALT 
RST CAT AnRA) 

PCH(CHA) TN (SP1) 

PCL(3A) TO (SP+2) Sp-2=00FE 


Lxy B 


H=} Y¥Yawuecae wen ean ansaentnvewanwvanwanesn £ 
LxI D | * MAIN INSTRUCTION SEQUENCE » 
E=a8& * STARTS AT LOCATTON 16 


D=4 Tense aeweweentavav ev eenawanecn 


TABLE 1: Recommended Instruction Sequence 
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TABLE 1 Continued 


NOP 

SPLa2FE SP=AAFE 
SPHEGZ 
LOA (B3B2)TN A 

Bo 

B3 

(AGFF) TO A Az4n 


STA A TN (B3B2) 


40 TO FFFF 
PGP PSW 

(SP) TO F Faa6g 

(SP+1) TO A AzBA  «SP+2en1 80 
PUSH PSA 

A TO (SP#1) 

F TO (SP-+2) SPePQRGAFE 
PUSH B 

B TO (SP#1) 

C TO (SP<2) SPeP=ZAnFC 
PUSH D 

D 1M (SPet) 

E TO (SP#2) SPe22AAFA 
PUSH H 

H TO (SPe}1) 


L. 10 (SP-2) SPe2enuF# 
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NOP 
POP B 

(SP) TO C 
(SP4#1) TO 
PBP D 

(SP) TO EF 
(SP+1) TO 
PUP H 

(SP) TOL 
(SP+i) TG 
MaV M,A 

A TO CHL) 
M~AV M,B 

B TO CHL) 
MEV M,C 

C TO (HL) 
Mav M,D 

0 TO CHL) 
MEV M,E 

EF TN CHL) 
MAV M,H 

K TO (HL) 
MAV ML 

iL TO (HL) 
XCKG 

MaV Hed 


TABLE 1 Continued 


4 


CeAad 


Bsa2 


Ns2n,nH2h4B,Es4a,Lai1a 


2Qh 


SP+2=cADFA 


SP+OSAUuFC 


SP+2sQGFE 


NOP 

D TO CHL) 
MAV M,E 

E TO. (HL) 
MZV M,H 
HOTQ (HL) 
yBV M,L 

t TO (HL) 
X TRE 

(SP) TO L 
(SP+#1) TO H H 
OL0 H TO (SP+1) 
OLO L TQ (CSP) 
May M,H 

Kh TO CHL) 
M2V ML 

L. TO tHL) 

PCHL PC#CHL) 
SPHL SP=(HL) 
NAD SP HLSHL+SP 
PUSH H 

H TO (SPe1) 

LL TO (SP#2) 
MAY M,H 


KH TQ (KL) 


MAV ML 


TABLE 1 Continued 


POSAAFE 
. §SPSAHFE 


HL=aajpada 


SP#22AQFC 
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NOP 


L TA CHL) 


TABLE 1 Continued 


NAD B HLSsHL+BC HLSOIFCe+aenasn4snga 


MAV M,H 
H TA (HL) 
MOV MeL 


L TA (CHL) 


PAD D HLSHL+DE HL Ea dnne+e2ndgs244a 


MAV M,H 
KH TA CHL) 


MOV M,L 


L TA (HL) - 


DAR H HLSHL4HL HL 224404246402 4880 


MaV M,H 
H TA (HL) 
MAY M,L 

L TO CHL) 
STAX B 

A TO (8C) 
STAX 0D 

A 1T@ (DE) 


LOAX 6B 


ee Te A FROM (BC) 


MOV M4,A 
A TA (HL) 


LOAX OD 
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TABLE 1 Continued 


NOP 
FF TO A FROM (DE) 
MeV M,A 

A TO CHL) 

INX B BC4+isa205 
INX D D&4t=2041 
NX H HL +1=4881 
1NX SP SP41sFD 
PUSH H 

(H) Ta (SP#1) 
(L) TO (SP=-2) SPpe2=FR 
MAV H,B 

B TA (HL) 
Mav M,C 

C TA (HL) 
MGV M,D 

0 TA CHL) 
MEV M,E 

E TA (HL) 
M~AV M,H 

H TA (HL) 
MaV MyL 

L Te CAL) 
NCX B BCe1=29204 
NCX NM DE-1s2n40 


DCX H HL=j{=248aQa 
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TABLE 1 Continued 
NOP 
DCX SP SPeisFA 
PUSH K 

H TA (SP1) 

L TO (SP#2) SP=2F8 
MOV M,B 

BT (HL) 

MaV M,C 

C TA CHL) 
MGV M,N 

0 TO CHL) 
MeV M,E 

E TA CRL) 
MaV M,H 

H TG CHL) 
MOV My LL. 

L TA CHL) 

CMA COMPLEMENT A (s@a) 
STC SET CARRY =1 
PUSH PSW 

A TA (SP#}) 

F TA (SPe2) SPH2=F6 . 
CMC CarMep., CARRY (208) 
IN 
RB? DEVsSF 


90 Ta A FROM OFOF 
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TABLE 1 Continued 


NOP 
PUSH PSW 
A TA (SPei) 


F TA (SP#2?) SP#2sF4 
NAA A TO BCD AtB3,SET FAFA 
PUSH PSwW 

A TA (SP#}) 

F TA (SP-2) SPe2=sF2 
DAA A TA BCD Az69 CLEAR F4 
PUSH PSw 

A TA (SPe1) 

F TM (SPe1) SPH2sFA 


SHLD 


B3 

L T@ (B3B2) 

H TA (B3B241) 
LHLD 

8? 

B3 

an Ta L FROM B3R2 

FF TA H FROM B3R2+1 
Mav M,H 

H 10 (CHL) 
Mav M,L 


{ TA (CHL) 
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NOP 
INR 
FF 
BO 
DCR 
ag 
FF 
N@P 


aUT 


Ag, 


Mav 


TABLE 1 Continued 


M 


FROM (HLY #1208 


TQ CHL) 
M 
FROM (HL) @15FF 


TA CHL) 


NEVSAA 
TAZ DEV AAAA FROM A 
A,™ 
TA A FROM (CHL) 
R,M | 
Ta 8B FREM (CRI) 
T@ C FRAM CRL) = 
T@ D FRAM CHL) 
TA E FRAM (CHL) 


TH H FRAM CHL) 


TA L FRAM CHL) 
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NOP 


A TD (HL) 


C TH CHL) 
MAV M,D 

0 10 CHL) 
MYV M,E 

E T CHL) 
Nev MyH 

H TA CRL) 
MAV M,L 

L TA (CHL) 
MYT A 

B2 a2 TA 
MVI B 


R2 «ad Th 
h2 @8 TQ 


R2 18 TH 


=< 
<= 
= 
mm 


R2 2A TA 


B2 4A TA 


TABLE 1 Continued - 
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NOP 
MVIOL 

B2 80 YAL 
MAV M,A 

A TA CHL) 
MAV M,B 

B TO CHL) 
MAV M,C 

C TA CHL) 
MAV M,D 

0 TA CHL) 
MaV M,E 

E TA CHL) 
MAV M,H 

H TA CHL) 
MAV MeL 

l. TA (CHIL) 
MVIT M 

BQ 

FF TQ (HL) 


INR A Aei=a3 


MGV MLA 


A TA (HL) 


{NR A B+ {sas 


MOV MLB 


B TA (HL) 


TABLE 1 Continued 


NOP 
qNR C C+129 
Mav M,C 


C TA CHL) 


{NR D D+ei=it 


MAV M,D 

BD Ta CHL) 
{NR EF Fei=o2i 
MUV M,E 

E Ta (HL) 

{NR H H+j{=4j 
MAV M,H 

H TA (CHL) 

{NR L L+i=81 
MAV ML 

L TA (HL) 

OCR A Ae {=the 
MOV M.A 

A TA (RL) 

DCR Bo Betsn4 
MAV M,B 

B 14 (HL) 

OCR C C-{=A8 
MAV M,C 


C TA (HL) 


OCR. Ne{sin .- 
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NOP 

MeV M,D 

D JA CHL) 

OCR F E=1=20 
MOV M,E 

EF T@ (RL) 

OCR #H He{ =A 
MOV M,H 

H TO (CHL) 
CCR L Leis8y 
MeV ML 

L TO CHI) 
M@V A,B ‘Azad 
MGV B,C BAB 
MQv C,D C#1a 


MAV D,E D228 


MAV M,A 


A TA (HL) 
MV M,B 

B TA CHL) 
MOV M,C 

C TA (HL) 


MEV M,N 


NOP 

D TO CHL) 

MOV M/E 

E TO (KL) . 
MOV M,H 

H TO (CHIL) 
MOV M,L 

1. TO (CHL) 

MOV A,C Asi? 
MOV B,D B=s2?A 
MOV C,E C=4e 
MQv D,H D=8@ 
MOV E,L Fad 
Moy M,A | 

A T9 CHL) 
MOV M,B 

B TO (HL)- 
MOV M,C 

C TN (HL) 
MV M,D 

D TO CHL) 
MOV M,E 

E TO (HL) 
MOV H,A Hats 
MOV L,8 L228 


MOV M,K 


TABLE 1 Continued 
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NOP 

H TO (HL) 

MOV M,L 

L TO CHL) 

MOV A.D A=89 
MOV B,E B=a4 
MOV C,H C2i¥ 


MOV O,t N=2A 


MOV M,A 


A 10 (HL) 
MOV M.B 

B Tf CHL) 
Mov M,C 

c TO CHL) 
MOV M,D 

) TO (FL) 
MOV E,A F=80 
MoV H,B H=ad 
MoV L,C L={@ 
MOV M,E 

E ¥0 (HL) 
MOV M,H 

H TO CHL) 
MOV M,f 

(| TO (HL) 


MOV E,M 


TABLE 1 Continued 


NOP 
NOP 
; L TO CHL) 
(HL) TO EF Es4a 
MOV A,H Asia 
MOV H,™M 
CHL} TO H HeAsB 
MOV D,A D=a8 
MOV L,M 
MOV B,L B20 
(HL) TOL L=@2 | 
MOV L,E Lana 
MOV A,E Az=42 
MOV E,C Fsa? 


MOV M,A 
MOV H,C WH=ieA 
A TO (CHL) 
MOV €,-L Ca? 
MOV M,B 
MOV L,D L=20 
6B TO (RL) 
MOV O,A HadA 
MOV 4,C 
MOV M,A 
C TN (HL) 
A TO (RL) 
MOV M,N 
MOV M,8 
OD TO (CHL) 
A YO (HL) 
MOV M,E 
MOV M,C 
E TO (HL) 
C TO (HL) 
MOV M,H 
MOV M,D 
H TO (HL) 
ON TN (HL) 
MOV MoL 
MOV M,E : 
: L TO (HL) 
—E TO CHL) 
MOV A,L  ABa4 
MOV M,H 
MOV L,K L240 
H TO (CHL) 


MOV- MOL 
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TABLE 1 Continued 


NOP 

MOV E,0 E=A8 

MOV 0,C D210 

MOV C,B C220 

MOV B,A Band 

MOV M,A | 
A TN (HL) 

MOV M,B 
B TO (AL) 

MOV M,C 
C TN CHL) 

MOV M,D 
D TN CHL) 

MOV M,E 
E TO (HL) 

MOV M,H 
H TO (HL) . 

MOV ML 
| TO CHL) 

POP PSW SP=QAFA@ (SEE LINE 186) 
(SP) TOF  Fse2 | 
(SP#1) TO A A=80 SP4+2snar2 

PUSH PSwW 
A TO (SPe#1) 

F TO (SPe2) SP-2=AuFa 


ADD B AzA4B2BA4+A4284 F=86 AzB4 
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NOP 
PUSH PSw 
A TO (SPetf)} 


F TO (SP<2) 
ADO (© AsA+SC 
PUSH PSW 

A TO (SP#1) 

F TO (SPe2) 
ADD D AzA4D 
PUSH PSW 

A TO (SPe1)} 

F TM (SP=2) 
ADD FE ASAE 
PUSH PSW 

A TN (SP#1) 

F TQ (SP=2) 
ADD H ASA4H 
PUSH PS¥ 

A TM (SPe4) 

F TO (SP+2) 
ADD Lo ASASL 
PUSH PSW 

A TO (SPe1) 

F TO (SP-2) 
ADD M 


(HL) IN=AM4 


A+ (HL } 


- TABLE 1 Continued 


GP eDaAPEE 


Achd F282. 


SPa2sAAEC 


A=B4 Fee6 


SPe2sAaGEA 


AsBC F282 


SPaHAsAnF®e 


AZBE F=eR6 


SP we2SnRFE§ 


AZFE FaeR2 


SP w22AGE4 
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NOP 
PUSH PSW 
A TO (SPe#1) 


F TO (SP=2) 
ADD A ASA¢A 
PUSH PSW 

A TO (SPe#1) 

F TO (SP2) 
Anc 8 
PUSH PSw 

A TO (SP#3) 

F TO (SPe2) 
acc C 
PUSRK PSW 

A TO (SP1) 
-F TO (SP#2) 
ADC D AZA40 
PUSH PSU 

A TO (SP-1) 

F TO (SP#2) 
ADC F ASAE 
PUSH PSW 

A 10 (SPe1) 

F TO (SP#2) 
ADC H 


AsA¢H 


PUSH PSwW 


AsA+B4i 


AzA+Ce] 


TABLE 1 Continued — 


SPaPaANtE2 


AsFE F=93 


SP a2zAhEA 


SP ePsAQGane 


SP ePe2AANC 


SPePaAUDA 


Assc F=SQ6 


SPe2QehANs 


AZ3eE Foa2 
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TABLE 1 Continued 


NOP 

A TO (SP#1) 

F TO (SPe2) SPe2sAZNG 
ADC M AZA+(RL) AAA F557 
(HL) INSC2 
PUSH PSwW 

A TN (SPe1) 
F TO (SP#2) SPe-2cAANn4 
ADC tL AsAetLe]} Asai Fens 
PUSH PSW 

A TN (SP) 
F TO (SP#2) SP82=A4an2 
ADC A AZSA+A A=82 F286 
PUSH PSWw 

A TN (SPe1) 
F TO (SP=2) SPe2saune 
SUR B AzA“8 -AS7E- Frag 
PUSH PSW 

A TO (SP1) 
F TN (SPe#2) SPe2sA@CE 
SUB C AsAeC AS5E  Fe4?2 
PLUSH PSwW 

A TN (SPe1) 
F TO (SP#2) SPe2sAUCC 
SUR D A&tAaef As4eE F216 


PUSH PSW 
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NOP 

A TD (SP#$) 
F TO (SP=2) 
SUB FE AsAaeE 
PUSH PSH 

A TO (SP#1) 
F TO (SP*2) 
SUR H A=AeH 
PUSH PSw 

A TO (SP#1) 
F TO (SP~2) 
SUB Lo ASAeL 
PUSH PSwW 

A TN (SP1) 
F TO (SP-2) 
SUR A AZASA 
PUSH PSW 

A TO (SP#1) 


F TO (SP~2) 


SUR M AztA#(HL) 


(KL) INSFF 
PUSH PSW 

A TO (SPe#1) 
F TO (SP#2) 
SBR B 


PUSH PSW 


Az46 


AtAeBe] AsFC 


TABLE 1 Continued 


SP=a2sAACA 


Fe{2 


SPw2sABCB 


As44 Fe16 


SPeAsKhAl6 


AzA4 Fsi2 


SP e2PsAACa4 


F=56 


A=A4 


SPe2=AAC2 


Asai Feas 


SPe2sAnla 


FrR7 
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NOP 
A TO (SP1) 


F TO (SP#2) 


TABLE 1 Continued © 


SP e2QarAABE 


SBR C ASA-C-1 A=DB F896 


PUSH PSW 
A TO (SP1) 
F TO (SP#2) 
SBB O Az=A=D 
PUSH PSW 
A TM (SPe]j) 
F TO (SP-2) 
SBR FE AZAHE 
PUSH PSW 
A TO (SP) 
F TO (SP-2) 
SPR HH AtheH 
PUSH PSW 
A TO (SP-1) 
F TN (SP#2) 
SBB L Athel 
PUSH PSW 
A TN (SP#1) 


F TO (SPe2) 


SPa2=AABC 


AsCB Fs92 


SPe2sAKUBA 


A=C3 F296 


SP aH22AGRB 


SPae2sAKK6 


AzBi4 F296 


SPe2P=AAK4 


SBB M AzA#(HL) 


(KL) IN=82 


"PUSH PSW 


ehile 


TABLE 1 Continued 


NOP 

A TO (SP#1) 

F TA (SPe2) SP#2cAAB2 
SBR A AzAwAe) ASFF Fr87 
PUSH PSH 

A TO (SP) 

F TO (SP-2) SP#2s998n0. 
ADI AzA+(B2) 

B2=A} Asaa F257 
PUSH PSW 

A TO (SP{) 

F TO (SP=2) SPa2=AGAE 
ACI Azthe(B2) +1 

BO=FF Azan F=57 
PUSH PSW 

A 10 (SP1) 

F TO (SPe2) SPa2s0MAl 
sur AzA=(B2) 

B22} ASFF F287 
PUSH PSwW 

A TQ (SP-1) 

F TQ (SP#2) SPe2=AQAA 
SBI AzA~(B2) =] 

Be= 42 A=BE F=96 
PUSH PS¥W 


A TO (SP) 
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TABLE 1 Continued 


NOP 

F TO (SP-2) 
GRA B 
PUSH PSW 

A TO (SP#1} 
F TO (SP#2) 
XRA B 
PUSH PSW 

A TD (SP#1) 
F TO (SP#2) 
ORA C A YOR 
PUSH PSw 

A TN (SP) 
FP TO (SP#2) 
¥RA C A XOR 
PUSH PSW 

A TO (SP#1) 
F T0 (SP#2) 
MRA O A TOR 
PUSH PSw 

A TO (SP«#3) 
F 70 (SP#2) 
¥RA ND A XOR 
PUSH PSw 

A TO (SPt) 


F TN (SPe2} 


A IOR. 


A XOR 


SPw2ZAGAB 


A=BE 


SP -22AGA6 


A=BA 


SP-2=0QA4 


A=BA 


SPe2sAnke 


A=SA 


SPaePsABaLH 


AcQA 


SPe22AGGE 


AsRA 


SpaePeAunoc 


S532 


Fs&86 


FeAo 


FRE 


FeO 


NOP 
NORA E A YOR 
PUSH PSW 


A TM (SP#1) 
F TN (SP#23 

X¥RA E A XOR 
| PUSH PSwW 

A TN (SPe1) 

F TO (SP?) 
CRA HK A TOR 
PUSH PS‘ 

A TN (SP#1) 

F TH (SP#2) 
X¥RA H A XOR 
PUSH PSW 

A TO (SP-1) 

F TO (SP#2) 
ORA L A TOR 
PUSH PSw 

A TO (SPe() 

F TO (SPe2) 
XRA LO A XOR 
PUSH PSw 

A TO (SPe!)} 

F TO (SP#2) 


' GORA A A TOR 


E 


TABLE 1 Continued 


AsBA 


 §PaPsAVQa 


Az=82 


SP =225AR96 


SPePAsARQSG 


A=C@A 


SP wPaAAQ2 


AzRY 


SPe2sAng9A 


Aska 
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FeARD 


Fc&6 


F=B2 


NOP 
PUSH PSW 


A TO (SP#1) 


TABLE 1 Continued 


F TO (SP=2) SP @2=AA8E 

XRA A A XOR A AZaQ Fe46 
PUSH PSW 

A TO (SPe1) 

F TO (SP#2) SP=2=Aa8C 
ARA M A IOR (CHL) 

(KL) IN=BE ASBE Fea6 
PUSH PSw 

A TO (SP#1) 

F 10 (SP-2} SPm2eAGBA 
XRA M A XOR (CHL) 

(KL) IN=78 A=C6 FoR6 
PUSH PSW 

A 19 (SP-1) 

F TO (SP-2) SP=2=anae 
ANA MASA AND CHL) 

(HL) INSFC AsC4 F299 
PUSH PSW 

A TN(SP]) 

F TO(SP#2) SP e2sVARG 
ANA A AEA AND A AsC4 Fea2 
PUSH PSw 

ATO (SP#1) 
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TABLE 1} Continued 


NOP 

F TO tsp-2), SPe2eAABd 
ANA B ASA AND 6 metry. 
PUSH PSw 

A TO (SPe#}) 

F 10 (SPe2)  SPepsaas2 
CRI A=A JOR (82) . 

B2=s7C As7C 
PUSH PSw 

A TO (SPe#1) 

F TO (SP#2) SPe2eanea 
ANA C ASA AND C As2a 
PUSK PSW 

A TO (SP-1) 

F TO (SP=2) S$Pe22Au7E 
ANY AZA AND (B23 

| 82265 Aza 
PUSH PSw 
A TO (SP¥3) 
Ff TM (SP=2) SPa2eaa7C 
¥RY AsA XOR (82) 

B2s5C As7C 
PUSH PSw 

A 10 {($Pe$) 

F TO (She2) SPeQsaun7A 
ANA 0 ASA AND O Az{o 
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FeAd 


TABLE 1 Continued 


NOP 
PUSH PSW 

A TO (SPs1)_ 
F TO (SP#2) 
CMP fC AWC 
PUSH PSw 

A TM (SPa1) ° 
F 10 (SPm2) 
RAR 
PUSH PSW 

A TO (SP*$) 
F TN (SP=2) 
ANA E A=A AND 
PUSH PSw 

A TO (SP=1) 

F TO (SP#2) 
RAR 
PUSH PSW 

A TO (SP#1) 

F TO (SP<2) 
RRC 
PUSH PSwW 

A TO (SP#{) 

F TO (SP#2) 
ANA H 


PUSH PSw 


F297 


A=88 


SPaQsAr74 


SP2#2=AA72 


SPe2sh7A 


SPae2aAV6E 


A=zA AND H 
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F<eQ6 


A=sG&8 


Ae??? 


Ac2 


Fed? 


Feu 


NOP 
A TO (SP#4) 
F TM (SP2) 
RLC 

PUSH PS 


A TO (SPe#1) 


F TO (SP?) © 


CMP A AwA 
PUSH PSN 

A TO (SPH!) 
F TO (S$P=2) 
CMP B dA 
PUSH PSw 

A Tu (SP#1) 
F TO (SP=2) 
CMP Ny AeD 
PUSH P.SW 

A TO (SPe1) 
F TO (SP#2) 
CMP E Awe 
PUSH PSw 

A TO (SP-1) 
F TO(SP#2) 
CMP AwH 
PUSH PSW 


ATO (SPe1) 


TABLE 1 Continued 


SP e2sAK6C 


SP e2a=AnEGA 


SP =224068 


SPaePsAKhhA 


SPe2s%GK2 


AzQa 
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Fene2 


F256 


Fs93 


TABLE 1 Continued 


NOP 

F TO (SP?) SP aDsansa 
CMP M Ae (HL) 

CHL) IN=AQ 
PUSH PSW 

A TO (SPe1) 

F TO (SP#2) SP=w2sAase 
CMP L Awl 
PUSH PSW 

A TO (SP-1) 


F TO (SP=2) S$P22aa5C 


RAL Azag 
PUSH PSwW 
A TN (SP#1) 


F TO (SP=2) SPa2s9054 
CRA L AZA TOR L Az49g 
PUSH PSW 

A TO (SPe#1) 

F 10 (SP+2) SP-2=0958 
ANA L AZA AND L — ARAP 
PUSH PSW 

A TN (SPe1) 


F TO (S$P#2) SP #224056 


CPI Aw (B2) 
BO=FF 
_ PUSH PS 
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Fei? 


Feg3 


Fra? 


Fxi2 


Fea7 


NOP 
A TO (SP#{) 
F TO (SP<2) 
ERLE 
PUSH PSY 
A TO (SP#1) 


F TO (SP#2) 


RLC 
PUSH PSW 
A TO (SP#1) 


—F TN (SPe2) 
RAC 
PUSH PSW 
A TO (SP«#1) 
F TO (SP?) 
RAL 
PUSH PSH 
A TON (S$Pe1) 


F TO (SP#2) 


TABLE 1 Continued 


SP#22MG54 


SP e2AsAA5S2 


SP HPsAR5S5A 


SPe2sAQ4Fé 


SP e2sA@AC 


JMP (B3B2) TO PC 


JC  (B3B2) To PC 


Ask@A 


A=@1 


A=8f 


(CARRY=1) 


JNC NO JUMP,CARRY=] 
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TABLE 1 Continued — 


NOP 
Be AsO! 
BS | Fea? 
J2 NO JUMP, ZERO=4% CARRY,PARITY SET 
B2 
B3 


JNZ (B3S8B2) TO PC 
JM  NQ JUMP,SIGN=@ 
JP -(B3B2) TO PC 
JPE (8382) TO PC PARITY=1 
JPO NO JUMP 
CALL pen a PC 
B3 PC+! 


PCH TO (SP#1) 


PCL TO (SP=2) SPeo2snaaa 


26] 


TABLE 1 Continued 

NOP 
RET 

(SP) TO PCL 

(SP41) TO PCH SP42=anac 
CC CALL, CARRYs{ (B3B2) TO PC 
B2 

83 PC +} 

PCH TO (SPe1) 

PCL TO (SP=2) SPeP=PH4A 
RC RET,CARRY=s{] 

(SP) TQ PCL 

(SP#1) TO PCH SP422aa4C 
CNC NO CALL,CARRY=4 

B2 

By 
RNC NQ RET,CARRY=4 


CZ NO CALL,ZEROSA 


RZ NO RET,Z2EROSO 


CNZ CALL,ZEROSQ (B3B2) TO PC 


BS PC+$ 
PCH TO (SPe1) 
PCL TA (SP-2) SPw2eAG4a 


RNZ RET, ZEROSA 
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TABLE 1 Continued 
NOP 
(SP) TO PCL 
(SP+#1) TO PCH SP+4220Q04C 
CM NO CALL,SIGN=@ 
BO 
B3 
RM NO RET, SIGNS 
CP CALL,SIGN=A (R3R2ITN PC 
B2 
B3 PC+] 
PCH TO (SP#1) 
PCL TN (SP=2) SP=2san4A 
RP 
(SP) TO PCL 
(SP+1} TO PCH SP+2=AaAc 
CPE CALL,PARITY=1 (€B3B2)TO PC 
be 
BS PC+1 
PCH TO (SPe1) 
PCL TO (SP#2) SP=2=n04A 
RPE RET,PARITY=1 
(SP) TO PCL | 
(SP+1) TO PCH SP+422aQ4C 
CPO NO CALL,PARITY=1 
Be 


BS 
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TABLE 1 Continued 


NOP 
RPO NO RET,PARITY=1 
POP PSK 

(SP) TO F 

(SP#1)TO A SP#2 AH 4E 
PUSH PS» 

A TO (SP=1) 


F TO (SP"2) SP#2sAhal 


JMP 


B2 


(B3682) TO PC 


- NO JUMP,CARRY=s4 


(BSR2) TA PC 


(B3B2) Ta PC 


(B3B2) TO PC SIGNAL 
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(SIGN, ZERO21) 


TABLE 1 Continued 


NOP 


JP NO JUMP 
JPE NO JUMP, PARITY=@ 
IPO (B83B2) TO PC 


CALL (B3B2) TO PC 


BY PCel 

PCH TO (SPe1) 

PCL TO (SP#2) SPe2sARnaa 
RET 

(SP) TO PCL | : 


(SP4#1) TQ PCR Sp¢22GA4C 


Cc NO CALL,CARRY=A 
82 
Rg \ 

RC NO RET 


CNC (B3B2) TO PC , CARRY34 
Be 
BS | PC+#} 


PCH TN. (SP#1) 
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TABLE 1 Continued : 


NOP 

PCL TO (SP=2) SP=2e4Q4A 
RNC RET, CARRY«aAa 

(SP) TO PCL 

(SP#1) TO PCH SP+22024C 
CZ CALL, ZERO! 

B2 (B83B2)TO PC 

B3 PC+L 

PCH TO (SP#4) | 

PCL TO (SP=#2) SPe22aG4a 
RZ RET 

(SP) TO PCL 


(SP4#1) TO PCH SP422aAQ@4C 


CNZ NO CALL,ZERDOs}$ 
B2 | 
BS 
RNZ NO RETURN : 
CM CALL,SIGN={1 (8382) TA PC 
B2 
B3 PC+4 


PCH TO (SP=1) 

PCL TO (SPa2) SPe2D=snu4r 
RM RETURN 

(se) TO PCL 

(SP4#1) TO PCH SP4+22AAn4C 


cP NO CALL,SIGN=} 
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TABLE’ 1 Continued 


NOP 


RP NO RET 


CPF NO CALL,PARITY=A 


RPE NO RET 


CPO CALL, PARTTY=sa (BSB2) TO PC 


B3 PC+i 

PCH TO (SP@1) 

PCL TO (SP=2) SPe2=Aa4A 
RFQ RETURN 

(SP) TQ PCL 

(SP+#1) TO PCH SP+42=494C 
RST AT “DED PCe! 

PCH TN (SP#1) 

PCL TO (SP-2) SP-2=2aG4a 
RET 

(SP) TO PCL 

(SP#1) TN PCH SP42=9R4C 
RST AT avya PCa} 

PCH TN (SPe}) 

PCL IN (SP=#2) SPe2QcAA4Ad - 


RET 
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TABLE 1 Continued 


NOP 
(SP) TO PCL 

(SP+#1) TO PCH SP#2=aa4c 
RST AT AVIA PC] | 
PCH TO (SP81) 

PCL TO (SP=2) SPe2eaada 
RET 

(SP) TO PCL 

(SP+#1) TO PCH SP+2=an4c 
RST AT A018 PCH} 

PCH TO (SPe1) 

PCL TO (SP=2) SPe2ena4Aa 
RET 

(SP) TO PCL 

(SP+#1) TO PCH SP+2=904C 
RST AT AM2n PC4I 

PCH TO (SP#1) 

PCL TO (SP-2) SPe2san4A 
RET 

(SP) TO PCL 

(SP#1) TO PCH SP+#2can4c 
RST AT @A28 PC+} 

PCH TN (SP#1) 

PCL TO (SP#2) SPe2Q=AH4A 
RET 


(SP) TO PCL 
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TABLE 1 Continued 


NOP 

(SP4#1) TO PCH SP422aqgac 
RST AT @A30 # PC4]4 

PCH TO (SPa1) 

PCL TO {(SP=2) SP=#2sAGaGA 
RET 

(SP) TO PCL 

(SP+#1) TQ PCH SP+42saG4C 
RST AT ABDSB PC+1 

PCH TN (SPe$) 

PCL TO (SP#2) SPe2zAnn4aa 
FET 

(SP) TO PCL 

(SP+1) TO PCH SP+2sAa4C 


NOP 
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RESET MPU 


TEST PROGRAM 
COUNTER . 


| FAIL 


PASS 


FAIL 


FIGURE 12: Program Counter Test 
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not checked is the Register Transfer to the Program Counter. This 


operation is verified during the Register Array Test. 


Register Array Test 


The test on the Register Array is secon ened by two tests. Qne 
verifies that each register is independent of any other register, and. 
two, that any register can be moved from one’ register to another with 
any data combination. The test to determine uniqueness of each register 
is to first load each register (B, C,; D, E, H, and Ll) with unique data 
and read to verify the load operation. The test is performed uSing 
the instruction Shown in Table 2. An explanation of the instruction 


memonics appears in Table 3. 


The next test on the Register Array will verify that the registers 
can move from one register to another and move any data combination. 
This test will also check register-to-Program Counter transfers. This 
recommended test loads the H and L registers directly with a pattern 
of 0's, transfers the H register contents to all other registers, and 
outputs from the H and L registers through the Program Counter. The 
pattern is incremented until all 256 numerical combinations have been 
checked. A flow chart of this test is illustrated in Figure 13. The 
instructions that should be used for this test are LXIH, PCHL, and 
MOV | 


rl ,r2- 


Stack Pointer Test 


The Stack Pointer test is just like the Program Counter test, both 


V2 


| anstruction | egtster | Yalu 


(1. MVI (000), 
2. MVI | (001), 
3. MVI (002), 
4. MI (004), 
5. MVI a (010), 
6. MVI H (020). 
7. WMI (040), 
8. LXI . (125) ,(252), 
9. MOV e 
S 
10. MOV t 
11. MOV R 
0 
12. MOV U 
| t 
13. MOV ; 
| n 
14. MOV e 
MOV 


+ onal 
om 


TABLE 2: Register Array Test 


a ae 


Iastruction Code!) Clock !21 Jantruction Codel"t Clock {21 

Maemenic Oesenption Oy Og Os 0, 03 D2 0, Dy Cycies Magmone Description Oy Og Of O, Dy D2 0, O Cyctos 
MOV.1..7 Move register to regquter o 1 0 6 08 § § 4 AZ. Return on cero 1 to 64 41 6 0 O Sit 
MOVM.¢ Move teguter to memory ns | ee AN2 Return on no zero + 1 0 400 ¢ Q S411 
MOVe,M Move memory to regsster an | 0001 14° 9 ? AP Return on ponte 1 1 1 1 6 6 O 20 s/t 
“it Hatt | t,o a ft t @ ? RM Return on minus t | t ¢ @ @ @ S/tt 
MVic Move immedeate register 00 0 0 0 1 Ft Q ? APE Return on parity even 1 4 1 Q@ 1 06 0 0 S13 
MVvIM Move unmediate memory oe | i 10 RPO Retuen on parity odd 1 1 1 @ 0 0 0 06 S/11 
INAr Increment register 09 0 DO } 0 0 5 RST Aeasars 1 5 & A AY) SY J 
OCRs Decrement regester 00 90 00 1 0 1 5 IN tnout t+ 3 @ 4 4 O Ff J 10 
INAM Increment memory oo 1 t+ 0 + 0 0 10 our Output 't 0 1 6 0 17 °1 10 
OCRM Decrement memory 0 Oo 1 1 6 1 4 1 10 X16 Load immediate register 6 6 O@ 6 6 6 OO 1 10 
AOOr Add register to A 10 0 0 @ $ $ § 4 Par B&C 
AOC: Add regrster to A with carry 1+ o 0 09 3 $ §$ § 4 Lx10 Load smmediate register 00 0 40060 0 1 10 
$user Subtract register from A +o o 18F 0 $ § § 4 Par OBE 
SBBr Subtract regyster trom A 1 @ O tf 1 85 § § 4 LXiH Load emmedsate reguster 00 14090 060 3 10 

with borrow Par H&L 
ANA®r And register with A 10 1 00 $ $°$° 4 LX! SP Loadimmediate stack pointer 0 0 1 1 0 0 O 3 10 
XRAC Exclusive Or cegustes with A i @ t @ ft S$ § § 4 PUSH 8 Puth ceguster Pas 6 & C on t §' QQ 0 6 1 @ Tt tt 
ORAr Or regester with & 1o FF ft 06 $ § § 4 stack 
CMPr Compare register with A t o t 3 t¢ $ $ § 4 PUSH 0 Push register Par O & E on ' 1 90 1 @ § 0 4 11 
ADO M Add memory to A + 6 8 9 O FF 3 OQ ? ttack 
AOCM Add memory to A with carry 1 Oo 60 OF 4 1 Q ? PUSH H Push register Paw KH & Ron 1 tt ¥ @ O 1 0 1 WN 
SUB M Subtract memory trom A 1 Qo Oo 1 06 4 4 Q ? stack 
$66 M Subtract memory trom A t 6 oO F Ft ¥ 4 90 ? PUSH PSW Push A and Flags 1 t F F O9 4 0 1 1 

with borrow eo on stack 
ANAM And memory with A 1o fF 06 060 1 4 0 ? Por 8 Poo register parr B & C off 1 4+ 0 0 @ 0 0 3 10 
XRAM Exctusive Or memory with A 1g 1 9 € F 1 6 7? stack ‘ 
ORAM Or memory with A 10 1 t @ t 1 06 ? POP O Pop regater par D&E oft 1410 1 60 0 1 10 
CMP M Compare memory with A 10 ff 14 Ft 1 4 @ 7 Stack 
Aot Add immediate to A 1 1 606U€U«C8dt«CiCitia ? POP H Pop register par H&L off 1 3 1 @ 6 @ C0 1 10 
Aci Add immediate to A with | + 8 O@ Ff f FF @ ? stack . 

carry POP PSW Pop A and Flags 1 1 1 1 0 0 0 1 10 
sul Subtract immediate from A 141 0 1 0 0 7 off stack 
$8! Subtract immediate trom A | 1 O FF F 1 6 7 STA Store A direct 0 Db 1 31 9 0 ' Q 43 

with borrow LOA Load A direct oo 1 1 ££ O 1 90 13 
ANI And immediate with A i 1 9 O 0 7 XCHG Exchange OSE H&L 1 1 1 6 190 1 1 4 
XRI Exclusive Or immediate with t 1 6 4 1 1 =@ ? Registers 

A XTHL Exchange topofstack H&L 1 1 1 099 0 1 1 18 
oR: Gr immediate with A t ? i t+ 80 ft tf @ ? SPHL H& ( to stack ponte: 1 61 ' € 41060 90 =F § 
CPi. Compare immediate with A 1 Fr t£t € FT F 1 Q } PCHL H&L to program counter yor FY O@ 1 0 0 1 5 
ALC Rotate A left oo 0 00 1 41 3 4 OAD B AddGB&CoH AL oo 98 060 1 0 0 1 10 
ARC Rotate A right 00 0 0 t t 1 =41 4 DADO AGJOKEDHSL 00a if +90 0 1 10 
RAL Rotate A lett through carry 060 141 0% 1 3 4 CAO H AGGHALOHEL 00 1 606 1 0 0 #1 10 
RAR Rotate A right through 606 t # © t 2 4 OAo SP Add stack pounter to H&L a iG 

carry STAX8 Store A indirect @o0 60 46 00 1 8 ? 
JMP Jump unconditional 11 060 0 9 0 f 1 10 STAX D Store A indirect 00 @ 1 0 0 1 #9 ?- 
ATs Jump on carry 1 + @:-1 § 0 1 QO ot "LOAXB Load A andirect 00 0 01 0 1 =Q ? 
INC Jump on no tarry 11 0 1 6 0 1 =@ 10 LOAXD Load A indirect ee Oe | | ? 
42 dump on tero 1+ 0 0 1 0 1 6 10 tNX B Increment B & C segsters 00 ¢8¢ 064 671 ~1 $ 
IN2 dump on no zero 11 0 0 90 0 1 «0 10 INX O increment O & E regesters 000 10600 1 1 § 
J? Jump on positive 1rot ¢ 0 8 45 8 10 INX H Increment H & L registers o 0 1 0060 01 13 5 
iM Jump on minus t 1 +1 41 1 0 13 «9 10. INX SP increment stack pointer oo 7 1 6 0 1 1 5 
SPE Jump on parity even ; 1 4 GO t O 1 Q 10 Ocxs Decrement B &C 000 0603 0 1 4 5 
dPO Jump on parity odd >? § O 8 BO ? Q 10 oexo Decrement 0 & £ oo 6 t t+ @ ttt 5 
CALL Catl unconditional 13 0 80 1 71 6 1 7 OCXH Decsement H & L 00 tt 6 + O 1 4 5 
cc Call on carry 1’ 1 0 47 1 © 0 0 Wa? OCX SP Decrement stack pointer 00 1 14 ' 0 1 4 5 
CNC Cail on ag tarry 1 + O ff @ FT BO QO Wt? CMA Complement A 06 1 614 1 7 1 4 
C2 Call on zero ’' 1 6 O FF 1 O FG Wst? STC Set carry 060 t 1 0 1 Ft 1 | 
Cnz Call on no zero t 4 0001 0 @Q Vist? CMC Complement carry 6 Oo t 1 a4 | ee | 4 
cP Catt on positive + } ij? @ ? 8 @ afi? QAA Decimal edjust A 6 08 + @ @ f ft 1 4 
cM Call on minus 1 1 1 ft #€ § 6 Q Wil? SHLO Store MH BL direct 6 60 t @ 60 O 1 Q 16 
CPE Call on parity even 1% 4 O60 8 1 0 0 1/3? LHLO Load 4 & L Gorect 00 1 614 9 1 9 16 
cPo Call on parity ond ’ 3 1606 1 68 QO Vso? E} Enabie Intersupts 1 3 1 1 8 @ F 3 4 
RET Return 11 0 0 4 @ O 3 19 Di Disable snterrupt 1 1 t+ § 0 O 1 4 4 
Lis Return on carry + t+ © F 4 0 6 QO S/it NoP No-operation 00 6 090 0 0 @ 4 
RKC Return on no tarry 1 4 @ . 08 06 0 90 Sitt ; 


NOTES: 1. 000 of SSS - 000 B ~ 001 C - 010 D ~ 031 E - 100 H - 101 L ~ 110 Memory — 111 A. 
2. Two possible cycle times, (5/11) indicate instruction cycles dependent on condition flags. 


TABLE 3: 8080 Instruction Mnemonics 


936 


LOAD MPU H AND L 
MEMORIES WITH PATTERN 
(START WITH 9) 


TRANSFER 
MPU H REGISTER TO 
MPU B REGISTER 


MPU H, L REGISTERS TO 
PROGRAM COUNTER (PC) 


ie 


FIGURE 13: 


Register Array Test 


are 16-bit registers with the additional feature of incrementing and 
decrementing. Therefore, the test on the Stack Pointer should check 
for incrementing and decrementing, and the ability to load and trans- 
fer to anetier register. Figure 14 is a flow chart of a recommended 


test and Table 4 lists the instructions used during the test. 
Accumulator Test 


The accumulator in the 8080 is 8-bits wide. A recommended test on 
the accumulator is to verify, load, readback, rotate, and transfer 
operation through its entire range. The recommended instructions (see 


Table 1) to be used during this test are MOV, mM? MOV CMA, RCL, RRC, 


MA’ 
RAL, and RAR. A flow chart of the recommended test is shown in Figure 


15. 


Arithmetic Logic Unit Test 


The Arithmetic Logic Unit (ALU) is 8-bits wide and used to perform 
all arithmetic and logical data operations in the 8080. The ALU has 
been left, until last because error analysis is simplified once all other 
modules have been verified. A recommended test for the ALU is to test 
all ALU data paths and related instructions through its range. All| 
instructions are used during this test which operation on the ALU, Such 
as ADD, ADC, SUB, SBB, etc. A flow chart of this recommended test is 


Shown in Figure 16. 
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START 
RESET MPU 


LXIH: LOAD MPU (L) AND 
(H) REGISTERS WITH 
STARTING ADDR VALUE 


SPHL: TRANSFER (H) AND 
(L) TO STACK POINTER (SP) 


INXSP: 


INCREMENT (SP) BY 1 


DADSP: LOAD (H) AND 
L) WITH (H) (L) PLUS (SP) 


( 


PCHL: LOAD (H) (L) INTO (PC) 


N-2 TIMES 
TEST 
_ MAX ADDR 


VALUE 


FIGURE 14: 


SPHL: (H) (L) —~(SP) 


(SP) - 1—~(SP) 


Notes: SP MAX = 
SP MIN 


Stack Pointer Test | 


en 
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PUSHPSW (CONTINUED) : 
(SP) - 2——-(SP), (PC) 


MIN ADDR - 
VALUE 


PUSHPSW: (SP) - 1——-(PC) 


oN ail N>2 
oN ky - 3M, M> 1. 


. CODE (DATA WORD) | 
MNEMONICS CYCLES CLOCKS 76543219 OPERATION 


LXIH 7 3 10 00100001 


<B,> | <B,>——(L) 


<B > <B..>——(H) 


SPHL ] 5 1731171171001 (H) (L)—~-(SP) 


INXSP 1 5 00110011. (SP) +1 (SP) 


DADSP 3 10 0011.72001 ~~ (H) (L) + (SP) (H) (L) 


PCHL 1 5 1771101001 (H) (L)— (PC) 


DCXSP 1 5 00111011 (SP) - 1—-(sP) 


PUSHPSW 3 1 117110101. (A)—[sP-1],(F) —-[SP-2] 


TABLE 4: Stack Pointer Test Instructions 
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HOVy. yi (HEM) — (A) 


wen 
RESET MPU prApa= An, "C 
MOVA Mm: (MEM) —~ (A) — Ay 2Ag— Az C 
| 
(A) —~ (MEM) 
| 3 
PASS 
RAR: aves ah gaa Er F, c"—~ A, 
RAL : ry a aaa 


7 0 


Notes: ACC MIN <7Fy¢ 


ACC MAX 8916 


FIGURE 15: Accumulator Test 
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subg: (A)-(8)— (A 


— 


RESET MPU SBB,: (A)-(B)-"C" —- (A) 


(A) 


popsw: [SP] (F) [SP+1] PUSHPSW: (A)—~ [SP+1] 


CLEAR "C" F/F AND LOAD (A) (F) —- [SP+2] 
WITH STARTING VALUE "B81 6 
(A) = 99 
(F) = 92, ) = Whe 
MOVE (A) —— (B) FAIL 
es p 


ADD, : (B)+(A)—-(A) © | foe 


ADC,: (B)+(A)+"C" — (A) 


PUSHPSW: (A)—— [SP+1] 
(F)—- [SP+2 ] 


PASS NO 
, 
FAIL 


POPPSW: [SP ]—~- (F) 


FAIL SP+1]—- (A 
; PASS iia ital 


SET "C" F/F 


Note: ACC MAX = FE, eee Uy TG 


FIGURE 16: Arithmetic Logic Unit Test 
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B. 8008 


The test program for the 8008 is divided into the major sections 


listed below. 


1. Accumulator 

2. Register Array 

3. Arithmetic Logic Unit (ALU) 
4. Address Stack 

5. Input/Output Instruction 


6. Halt and Interrupt 
Accumulator 


The accumulator of the 8008 is part of the scratch pad register 
array with an address of 009.. This register is a working register for 
the arithmetic and logical instructions. Intially, a verification test 
would be implemented in a series of MOV instructions to load and store 
data to verify the basic functionality. Data patterns should consist 
2 


of all 1's, all 0's, CHECKERBOARD, inverted CHECKERBOARD, 1 4 


| a Soe 


10,, 20,5 40, and 100 


8° 
Register Array 


The scratch pad register array test is designed to verify that each 


register can increment and decrement throughout its entire range, that each 
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register can be transferred to all other registers of the array, and 
that the H and Z registers can properly provide a correct address for 
the MOVE OM and MOVER tnstructions. 

Initially the device is reset and all registers of the array 
loaded to a different value with the MOV, y instruction, except regis- 
ter R which is set to 0. Register Rl is now incremented from 0 to 
255 to 0, to verify the wrap-around characteristic. After each incre- 
ment, the contents of the register is examined using the MOV R 


instruction. 


At the completion of this process, the contents of al] remaining 
registers are stored and veri fied. Register RI is. now decrenented 
from 0 to 255 to 0, verifying the underflow characteristic. After each 
decrement, the register contents are stored and verified using the 
MOV R ineeeuetone At the completion-of this process, the contents 


of all other registers are read and verified. 


The increment/decrement test 1s now performed on all remaining 


registers of the array. 
Transfer Operations 


In order to accomplish transfer operations and preserve the unique 
identification of all other registers, the previously verified instruc- 


tions of MOV VMIr, MOV INRr, and DECr will be used. Initially 


RM? MR? 
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all registers are cleared. Register Rl will be tested first. 

Register Rl is iwersnented and transferred to R2. Rl is again incre- 
mented and transferred to R3. This process is repeated until all 
registers have received data from R1. The accumulator is the last 
register to receive data. All register contents are now stored and 
verified starting the the accumulator. After repeating this process 
42 times, the sequence is yeneated: saly this time register R2 is used 
as the origin of all data to be transferred. All remaining registers, 


except the accumulator, are verified in the same manner. 


Since the accumulator cannot increment, the test for vente ieation 
of transfer is accomplished in a slightly different manner. Again, 
all registers are set to 0. Register B is then incremented and trans- 
ferred to the accumulator, which 1s in-turn transferred to register C. 
Register B is again incremented and transferred to the accumulator, 
which is now transferred to register D. This process is repeated until 
all registers have received data from the accumulator. All register 
contents are now stored and verified. This process is repeated 51 
times. During this test procedure the transfer of the accumulator con- 
tents to register B is not possible, since register B is being used to 
generate the test pattern internal to the device. Therefore, it is 
necessary to repeat this test using register C to generate the internal] 
test pattern, transferring its contents to the accumulator and then 
transferring the accumulator to register B, incrementing register B, 
and then storing all registers. The purpose of incrementing register 
Bis to preserve the unique sdaneesing of that register for transfer 


verification. 
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Arithmetic Logic Unit (ALU) 


The previously verified instructions are now. utilized to test the 
add, subtract, logical, and shift instructions. Rasiiés of the add 
and subtract instructions effect all condition flip-flops, while the 
rotate and shift instructions effect only the ary bit. The logical 


instructions do not effect the condition flip-flops. 


The condition flip-flops cannot be gated to the data or address 
bus for purposes of verification. Therefore, it will be necessary to 
use the conditional jump instructions, JC, JZ, JM, JPE, JNC, JNZ, JP, 
and JPOQ. 


After each arithmetic operation it is necessary to execute all six 
conditional jump instructions to test for proper operation of the .con- 


dition flip-flops. 


The data.chosen should generate the criteria to set and reset all 
condition flip-flops resulting in patterns that will verify that the 
ALU can recognize a 0, negative number, even parity, and a carry, or 


borrow. 
The data patterns required for proper verification of the ALU 


should be designed such that execution of the arithmetic or logical 


instruction being tested generates the following results: 
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Arithmetic Instruction 


1. Positive Number 
2 Negative Number 
3. Even Parity 
4 


Non-Even Parity 


5. Carry (Borrow) 
6.- No Carry (Borrow) 
7. Zero Value 

8. 


Non-zero Value 
Logical Instructions 


1. Positive Number 
2. -Negative Number 
3. Zero Value 

4. Non-zero Value 
5. Even Parity 


6. Non-Even Parity 


Rotate Instructions 


1. Carry 

2. No Carry 

3. Shift a 1 Through Carry 

4. Shift a O Through Carry - 

5. Shift a 1 Through a Field of 0's 


6. Shift a0 Through a Field of O's 
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Address Stack 


Testing of the address stack is designed to verify that all levels 
of the stack are operative in response to the CALL and RETURN instruc- 
tions. The device test program simulates repeated subroutine CALL's 
and RETURN's nesting up to the seven a Towable levels. The program 
should be structured so that the carry feature from the lower order 8- 
bits of the address to the bcnee onlay 6-bits is verified. In addi - 
tion, all conditional CALL and conditional RETURN instructions are 
verified. The jump instruction should also be included in this test 
as an easy means of manipulating the contents of the Program Counter 


in generating the return addresses to be stored in the address stack. 


Input/Output Instructions 


Verification of the input/output instructions consist of executing 
a series of eight input instructions each followed by an output instruc- 
tion. During this sequence, the code for the selected input and output 
port is different so that all combinations are tested. The actual data 


used to write into the accumulator is not of critical importance. 


Halt and Interrupt 


The Halt instruction and Interrupt feature of-the 8008 can be tested 
together. The Interrupt is verfied first. The critical parameter of 


the Interrupt is that the interrupt signal to the 8008 cannot be allowed 
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to occur within 200 ns of the falling edge of #1. 


The test program should verify that the 8008 will properly respond 
to an external interrupt which occurs within the allowable timeframe 
as indicated below. In addition, the Interrupt signal to the 8008 


should be applied during all time states of instruction execution. 


After this test, the Halt instruction 1s executed and the ability 
of the 8008 to respond to an external interrupt is verified over the 


Same time span by executing a series of Halt instructions followed by 


Interrupts. 


B1 
J2 


Wr 
= 
© 
© 
WI 


|__ INT Not 
Allowed 
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290] 


The 2901 4-bit bipolar microprocessor slice is not like other 
microprocessors being only the process portion of the typical micro- 
processor. Like the typical microprocessor, the 2901 has a data bus, 
but is not bidirectional. It also provides a register file (16 Word 


X 4-bits), an Accumulator (4-bits), and an Arithmetic Logic Unit (ALU). 


The 2901 does not include an instruction decoder, rather all 
instructions directly control an operation from an code input. Ina 
typical MPU the instruction code applied on the data bus 

into the decoder for the complete cycle. The 2901 complete cycle 
lasts only one clock cycle and if.the instruction lines ‘change during 
the cycle a new operation will occur. Also, the 2901 is not capable. 
of addressing external memory directly, because it does not include 
an address or program counter. A typical MPU can execute jumps , 
Subroutines, and return from subroutines due to the existance of a 


stack pointer which the 2901 does not contain. 

The architecture of the 2901 can easily be broken up into testable 
modules that can be controlled and tested by the device pins and its 
microinstructions (see Figure 2). 


The 2901 can be broken up into the following modules: 


1. RAM (16 addressable registers) controlled by the "A" address field. 
2. RAM (16 addressable registers) controlled by the “B" address field. 
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3. "Q" Register or Accumulator 
4. ALU Source Selector 

9. Eight Function ALU © 

6. Output Data Selector 

7. RAM Shift 

8. "Q" Shift 


Examination of the microinstruction control shows that the 2901 
has a 9-bit frerounseauction: This microinstruction is divided into 
three groups: ALU source control, ALU function control, and destin- 
ation control. The ALU source control controls from what data path 
the data will be applied into the ALU (Table 5). The ALU function 
controls what function the ALU will perform. For example, R field + 
S field, R field or S field, etc., (Table 6). The destination control 
routes the output of the ALU (or RAM) to different destinations within 
the 2901. These destinations include the RAM register stack, the "Q" 
register accumulator, both the RAM and "Q" register or the RAM directly 
out of the device (Table 7). The microinstruction controls thus route 


and/or manipulate data through the device. 


RAM Addressable Register Test 


The RAM Address Register should be divided up into four unique 
portions structured to test (1) the RAM using the "A" address stored 
through the output by passing the ALU, (2) the RAM using the "A" 
‘address outputted through the ALU, (3) the RAM using the "B" address 
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ALU SOURCE 
OPERANDS 


MICRO CODE 


m & & etal ‘S 
Lebo. 0 A -Q 
Ll seokLoso4 A -~B 
L eH. 2 0 Q 
lL o6o4 H 3 0 B 
H LoL 4 0 A 
HL oH 5 D A 
H oH oL 6 D Q 
H HH 7 D 0 


TABLE 5: ALU Source 
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MICRO CODE ALU . 
| Function 


Symbol! 


R Plus 5 
S Minus R 
R Minus S 
ROR S$ 

R AND $ 


R AND S 


R EX-OR S 


R EX-NOR S$ 


TABLE 6: ALU Function Control 
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MICRO CODE RAM Q-REGISTER Y RAM Q 
outpyT {SHIFTER | SHIFTER 


4 FUNCTION FUNCTION ; 
SHIFT LOAD SHIFT LOAD RAM, RAN, Q Q, 

i a2 4 7 0 X None None aes, F X X X X 
L LH 1 X None X: None F X = X X 
L oHOL 2 |None F-——B X None A Xx xX |X. xX 
L H H 3 None . F——B X None — F X X X X 
H LE L 4 Down F/2—-B ! Down Q/2-—-Q |. F Fo IN. | Q IN. 
H L H | 5 _— F/2——~B X None F Fo IN. | Q% X 

7 

Sere 
H H H | 7 Up 2F B X None. F INg F. X Q3 


X=Don't care. Electrically, the shift pin is a TTL input internally 
connected to a three-state output which is in the high-impedance 
State. 

B= Register Address by B inputs. 

Up 3S toward MSB. 

Down 1s toward LSB. 


TABLE 7: ALU Destination Control 
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outputted through the ALU, and (4) the right/left shift operation of 
the RAM. | 


To test the RAM using the "A" address outputted bypassing the ALU, 
the following is recommended. The object of the test is to run a 
GALPAT pattern on the RAM using all combinations from 0 to 15 for the ~ 
test pattern and the compliment of this as the background pattern. 
Since the RAM can only be written into a location addressed by the "B" 
address, care has to be taken to address only the test location when 
writing into the RAM. When a location is being tested or read, the 
"B" address should be different then the "A" address. The easiest 
solution to this would be to compliment the "B" address relative to 
the "A" address when reading a test cell. The setup to run this test 
would be to set the ALU source operand to octal code 7 (D.g) when 
writing into the RAN and octal code 4 (f,A) when reading out a loc- 
ation. The ALU function is used during this test to route the data 
on the data input pin to the RAM. This should be programmed for a 
recommended function, octal code 3 (R ORS), as this will be used in a 
later test. The destination control should be programmed for octal 
code 2 which selects the RAM "A" data port to the output, bypassing 
the ALU. The clock pins should be held in a high state. Throughout 
this test the only pins that will be sampled will be the "Y" ouput 
pins. Once this test setup has been executed a GALPAT pattern should 
be performed using all test patterns of 0 to 15 and fachunourd patterns 
of 15 to 0. What the GALPAT does is to write a background pattern then 


“write a test pattern. The test pattern is then read, a background 
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pattern location read, then the test location again, then another back- 
ground location, test ieextions etc., until al] background locations 
have been read. Then the test pattern is. moved and the process repeated 
until all locations have been used as a test pattern. The test pat- 
tern is then qnerenented and. the background pattern decremented. This 
process is then continued until all pattern combinations have been 


tested (see Figure 17 for illustration). 


Performing this test will verify that all data combinations can be 


written into and read out of with every data combination. 


The second test on the RAM is to check the RAM addressed by the "A" 
address field but checking the data output path through the ALU. The 
same test should be run as previously described with only one change 
in the microinstruction. This change would be to modify the destination 
contro! to an octal code 3. This modifies the output path from the 
RAM "A" address output to the ALU output. This would then check if the 


RAM "A" address path through the ALU is functional with all data sequences . 


The next test on the RAM would be similar to the second test, but 
the "B" address and output path is checked. The changes to the second 
test would be to have addressing to the RAM entirely controlled by the 
"B" address field. During this test it is recommended that the ae 
address field be the compliment of the "B" address. This would cause 
the worst interaction between the RAM addressing. The remaining dif- 


ference would be to modify the ALU source operand to select octal code 
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GALPAT Read Example 


FIGURE 19: 
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3 when performing a read of the RAM. This will select a source of 


9,B, thus enabling the "B" output of the RAM to pass through the RAM. 


The final test to be run on the RAM is verification of the right/ 
left shift operation. The recommended test will only describe a shift 
operation from the left as to test the right shift all that would be 
required is to input data from the right input and-test the left out- 
put. The object of this test is to verify that all data combinations 
_ from 0 to 15 can be shifted through the RAM. Also, since latches are 
noted to be sensitive to noise, and the 4-bit output. of the RAM uses 
a latch, the test will also recommend how to check for this. The 


| 


recommended test sequence is as follows: 


The test should start out by loading a 0 into location 0, and a 15 
into location 15 of the RAM. The purpose of this is that one location 
will be used to shift data input and the pther location will be used 
as a background test pattern. The microinstruction for the ALU source 
operation when writing the initial patterns should be an octal 7 which 
selects the data bus. All other times during the test an octal code 4 
should be selected which selects "A" output latch for put to the ALU. 
(Note: An octal code of 3 should be selected when checking the "B" 
output latch.) The ALU function should be selected for an octal code 3 
(R OR S) so that the output latch can be tested throughout the test. The 
advantage of using the R ORS function is that the ouput of the ALU 
will be the same as the output latch. The microinstruction for the 


destination control should be selected to octal code. 4 which will execute 
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a left shift. (Octal codes 5, 6, and 7 should also 7" tested using 
this same test. When selecting codes 6 and 7, the input and output 
shift pins should be complimented when codes 4 and 5 are selected.) 
The "A" and "B" address fields should be exactly the same throughout 
this test. This allows an easy modification to the ALU source 
operand to check the "B" output latch as described earlier. Last of 
all, the final setup should be to produce : clock pulse each time 
there is a requirement to write to the RAM, but not during a test 


cycle when the background location is being addressed. 


The test on the right/left shift will verify that (1) the shift 
operation will occur, (2) this shift operation can shift all combin- 
ations of 1's and 0's, (3) the output latches will hold data, and (4) 
the shift operation can be accomplished using any RAM address. Fol- 
lowing the initial loading of the test and background patterns one 
bit of the shift pattern (101000111100101) is shifted into the RAM 
and the shift and Y outputs checked. Then the background address is 
addressed but no clock 1s. produced and the outputs again checked. 
This will verify that the output latch will hold data. The next bit 
is now shifted in and verified and the background location addressed 
and data verified. This process continues until all bits have been 
shifted into the RAM. Then the testword and background address are 
incremented and decremented, respéctively, and the above test repeated. 
This will continue until all RAM locations have been used for the test 
location and background location. Upon completion of the first pass, 


‘the background pattern is decremented until the initial pattern has 
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gone from 15 to 0. This will check for a sensitivity in the RAM out- 
put latches. This test is then repeated for both right and left 


shift operations on the RAM. 


The next test performed is on the "Q" register. There should be 
two tests on the "Q" register. First, a test that will load the 
register with all combinations from 0 to 15 and follow each load with 
the compliment of the previous load. Second, a test to check the 


right/left shift operation on the register. 


The first test should start by loading a "0" into the register and 
testing. Next a "15" should be loaded and tested, then 1, 145. 25.43% 

.-, until a O and 15 are again reloaded. This test verifies that any 
number can be loaded into register and that all data tranactions are 


checked. 


The eecune test checks the right/left shift of the "Q" register 
(ALU Destination Control, octal codes 4 and 6). To check these oper- 
ations an initial value should be loaded into the register and checked. 
Destination control octal code 4 is selected and a pattern a 
(1010000111100101) is shifted into the register. After each bit shift 
the register data is checked. Then an octal code is selected on the 
destination control and the other shift operation checked as previously 


described. 
The next test will test the ALU source operands. This test verifies 


-97- 


that all ALU sources can be selected and that all data combinations 
can pass through the selector. The test should start by first loading 
RAM locations 0, 5, 10, and 15 with data equal to the address. The 
"Q" egies is intially loaded with a 0. Using the ALU function "R 
OR S" (octal code 3), and a destination control which loads neither 
the RAM nor the "Q" register. (octal code 1), the sequence of ALU 
source operands shown in Table 8 should be tested. During this test 
the "A" and "B" address will equal the data being selected by the 


source operand. 


The ALU functions and flags should be tested next, since all other 
sections of the devices have now been verified as operational. First, 
all locations in the RAM are loaded with a data pattern equal to its 
address. Then data values of 0, 5, 10, and 15 and RAM values of 0, 

9, 10, and 15 and CN values of O and 7 in all combinations are used to 
test each of the eight possible ALU functions. -In all cases, R is the 
data bus and S is the "A" output from the RAM (ALU source operand, octal 
code 5). First, the R & S function (octal code 0) is tested. The basic 


sequence is aS shown in Table 9. 


This sequence is then repeated for each of the other ALU functions. 


Function Octal Code 
Ss - R | ] 
R- S | 2 
ROR S : — | 3 
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(Load Q with 1010) 
(Load Q with 0101) 


(Load Q with 1010) 


A 
A 
A 
A 
A 
A 
A 


(Load Q with 1111) 


— i — ee = = => 
> PPrrrTrrrrw7ew oO 


(Load Q with 0000) 


(Load Q with 11171) 


TABLE 8: ALU Source Operands 
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0 
] 
0 
1 
0 
q 
0 
1 
0 
] 
0 
1 
0 
] 
0. 
1 
0 
] 
0 
] 
0 
| 
0 
] 
0 
] 
0 
] 
0 
[ 
0 
] 


TABLE 9: 


ALU Function Sequence 
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Function | Octal Code 


R AND S 4 
R AND S 5 
R XOR S 6 

, 


R SNOR S$ 


The last test on the device is to check to see if the output enable/ 
disable will cause the output to go to bristaten This iS accomplished 
by inputting a 0, 5, 10, and 15 into the Data bus and outputting it 
through the ALU (R ORS function) to the Y output. After each data pat- 
tern is on the Data bus the "Y" output is checked wtih the output enable. 


Then the outputs are disabled and the outputs checked for tristate. 
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6800 


The 6800 microprocessor unit is divided into the basic modules as 


listed below: 


1. Program Counter 

2. Stack Pointer 

Index Registers 
Accumulators A and B 
Arithmetic Logic Unit 


Timing and Control Logic 


“aS DD TO LP WF 


Interrupt Capability 


For thorough testing of the 6800, the functional test sequence 
Should thoroughly exercise each module independent of all other modules 
with the specific instructions applicable to that module. In addition, 
sufficient data patterns are used to verify proper operation of each 
module. An interactive type test is also performed to ensure that 
execution of an instruction on one module will not cause destruction 


of data in a different module or an otherwise malfunction of the device. 


In determination of the instruction sequence, the possible discovery 


of instruction and/or data pattern sensitivities was not considered. 


Program Counter 


The Program Counter (PC) test consists of resetting the PC to 0 
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and then incrementing the PC through its entire range. Results of 
this test may be verified after each increment or after the PC has 
reached full value. Benefits of this test are proof that the device 
is basically spe eational: there are no stuck-at-one sticeab-cers 
defects in the PC and the address bus drivers are capable of driving 


a logic 0 or logic 1 in any combination of bits present on the 


address bus. 
Operation of the device during this test is as follows: 


1. Reset the device. 


2. Verify the reset address vectors of FFFE, and FFFF 


6 16° 
3. Input an instruction that will cause the PC to increment by 1. 


‘Continue operation of this instruction until the PC equals FFFF,.. 


Execute the instruction one more time to verify the overflow char- 


nn - 


acteristic of the program counter. 
Stack Pointer 
Operational Modes: 
1. Load 
2. Store 
3. Increment 


4. Decrement 


5. Transfer +] to Index Register 
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6. Receiver -1 frou Wade ReGister 

7. Output Data on Address Bus for: 
a. Push, Pull Data: | | 
b. Store Device Status in Stack 


c. Pull] Device Status from Stack 


Stack pointer contents are available on the data Big and also the | 
address bus during instruction execution. Accordingly the test approach — 
is defined to verify both conditions of output. The method of defining 
the test approach follows that of all modules, 1.e., start with instruc- 
tion sequences designed to verify basic module operation, increasing 
the complexity of instructions for total testing of the particular 
module. The transfer of SP contents to the index register and transfer 
of index register contents to the stack pointer require verification 
of the index register's functionality, and will therefore be defined in 


the index register section of this description. 
Load/Store, Data Bus 

To initiate testing of the stack pointer, a load instruction is 
executed followed by a store instruction to output the SP contents on 
the data bus. 


Stack Pointer Instructions 


‘tos. Immediate, Direct, Index, Extended ; 
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STS Direct, Index, Extended 


INS _Implied 
DES Implied 
TXS Implied 


TSX _ Implied 


several data patterns should be chosen such that all bits of the 
Stack pointer have been loaded to both a logic 1 and 0. In addition, 
all different operational codes of the load stack pointer/store stack 
pointer instruction are executed at this time. This instruction se- 


quence is defined as illustrated in Table 10. 


Benefits of this test are that the stack pointer is identified as 
an addressable register, is capable of being loaded to several values, 
each bit of the stack pointer is capable of being a logic 1 or logic 0 
and that each bit of the data bus is capable of driving a logic 1 or 


logic 0. 
Increment/Decrement 


Execution of this test requires initial loading of the SP to 0000... 


the incrementing the SP from 0000, |. to FFFFS using the increment stack 


pointer instruction. 


For detailed error analysis, the contents of the SP should be out- 


putted to the data bus after each increment. This method may prove 
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INSTRUCTION 


Load Stack Pointer 
Store Stack Pointer 
Load Stack Pointer 
Store Stack Pointer 
Load Stack Pointer 
Store Stack Pointer 
Load Stack Pointer 


Store Stack Pointer 


ADDRESS MODE 


Immediate 
Direct 
Direct 
Index 
Index 
Extended 
Extended 


Extended 


DATA PATTERN 


TABLE 10: Stack Pointer Load Routine 
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not feastble due to test system capability and in’ that case the 
increment stack pointer instruction would be repeated 16,384 times, 
and the SP contents then read. The increment stack pointer instruc- 
tion is then executed one more time and: the SP contents outputted to 


verify the overflow characteristic. 


The Decrement Test is similar to the previous test with the 
exception Of initially loading the stack pointer to FFFF,<, using the 
‘ decrement stack pointer instruction and executing the decrement instruc- 
tion on additional time after the SP is equal to 0 to verify the under- 


flow characteristic. 


In either of the above tests, the choice of which stack pointer 
store instruction to use is arbitrary and left to the discretion of 


the test engineer. 
Address Bus Output (Push/Pul1) 


The Push and Pull instructions of the 6800 will cause the contents 
of the stack pointer to appear on the address bus and also increment 


or decrement the contents of this register. 


Verification of this mode is performed by resetting the 6800 (get- 


ting a starting address of 0000, to the PC) and execution of repeated 


16 | 
PUL instructions. During instruction execution, the address is read 
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during all four to verify that the following information is present: 


Cycle 1: Program Counter 
Cycle 2: Program Counter +] 
Cycle 3: . Stack Pointer 


Cycle 4: Stack Pointer +1 


The PUL instruction is repeatedly executed until both PC and SP 
are equal to FFFF 
The PSH instruction is now executed in a similar manner, again 


verifying the address bus during all? four clock cycles as follows: 


Cycle 1: : Program Counter 
Cycle 2: Program Counter +1 
Cycle 3: Stack Pointer 
Cycle 4: | Stack Pointer +1] 


This sequence is repeated until the SP is equal to 0. 


Index Register (X) 


Operational modes: 


1. Local Load Immediate, Direct, Index, Extended 
2. Store | Store Direct, Index, Extended 
3. Increment 3 Increment | 
4. Decrement | Decrement 
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INSTRUCTION 


Load Index Register 
Store Index Register 


Load Index Register 


Store: Index Register . 


Load Index Register 
Store Index Register 
Load Index Register 


Store Index Register 


ADDRESS MODE 


Immediate 
‘Direct 
Direct 
Index 
_ Index 
Extended 
Extended 


Extended 


DATA PATTERN 


TABLE 11: Index Register Load Routine 
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5. Transfer to Stack Pointer TXS 


6. Receive from Stack Pointer TSX 


The Index Register is identical in size (16-bits X 1) and similar 
in operation to the Stack Pointer. Therefore, the test plan defined 


.for this module closely parallels that of the Stack Pointer. 
Load/Store 


The Index naaister is loaded with several data patterns, storing 
the register contents after each load to verify proper load operation. 
All different OP codes of the load and store instruction should be 
“used to verify proper operation. The instruction sequence is defined 


as illustrated in Table 11. 
Increment 


Execution of this test requires initial loading of the Index 
Register to 0000, ¢: repeating execution of the increment Index Register 
(INX) instruction to increment the X register from 0000), to FFFF.¢. 

As in the Stack Pointer test, the contents of the X register should | 
be stored in the data bus after every increment. If not feasible, the 
increment instruction should be repeated continuously and the X register 
contents outputted when equal to FFFFo¢. The increment instruction 
_should then be executed one more time and the contents of the Index 


Register stored to verify the overflow characteristic. 
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Decrement 


The Decrement test is similar to the Previous test with the excep- 


16? using the 


decrement Index Register instruction. When the X register is equal to 


tion of initially loading the Index Register to FFFF 


0000, the decrement instruction should be executed one more time and 


the register contents stored to verify the underflow characteristic. 
Stack Pointer and Index Register Transfers 


Transfers of the Stack Pointer and Index Register are limited to 
transferring the Stack Pointer contents +1 to the Index Register or 
the Index Register contents -] to the Stack Pointer. The two instruc- 


tions which define those operations are TSX and TXS respectively. 


The test sequence to verify this sequence takes advantage of the 


functionality of these registers proven by previous tests. 


Both registers are initially loaded to 0. An instruction sequence 


which increments the SP executes a TSX instruction and stores the 
Index Register contents is repeatedly executed until the Index Register 
1s equal to FFFF E. 
This procedure is now repeated in a reverse fashion by executing a 
decrement Index Register, TXS, instruction followed by a read of the 


_ Stack Pointer. This instruction sequence is repeated until the Stack 
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Pointer is equal to 0. 


Accumulators A and B 
! 

Accumulators A ante B are two general purpose 8-bit registers used 
to store operands and results for ALU operations. The instruction set 
for each accumulator is similar with one or two exceptions. At this 
point, the definition of the different modules of the 6800 are open to 
different philosophies as to where one module ends and another module 
begins. For example, controversy may arise as to whether a logical OR 
instruction is an accumulator pieeniction or an ALU instruction. 

This situation illustrates the problem of two different modules 
being involved in the execution of an hiserictien, The operation of 
the logical OR instruction of the contents of the Accumulator A (ACCA) 
with a byte of memory involves the input of a byte of memory, input of 
ACCA and the byte of memory to the ALU, execution of the logical OR 
between the two and transferring this results back to ACCA. Here two 
different modules are involved in the instruction execution and the 
question is to which module group the instruction belongs. For the 
purposes of clarity, this type of instruction will be attributed to 
the ALU module. In a more general sense, where more than one module 
is involved in the execution of an instruction, the instruction will 
be classified as belonging to the module which performs the basic 


operation intended by the instruction. 
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Accumulator A and B, Load/Store 


As in the Stack Pointer and Index Register test, the initial phase 
of the accumulator test consists of executing a load and store accumu- 
lator routine, using all applicable operation codes in conjunction with 
numerous data patterns. The specific instruction sequence is defined 
as illustrated in Table 12. Note that the contents of the accumulator 
not involved in a series of instructions is stored on data bus to ver- 


ify no interaction of the two accumulators. 
Increment/Decrement 


Accumulator A is loaded to all Q's and the increment Accumulator A 
instruction is executed followed by a Sion Accumulator A instruction. 
This process is continued until ACCA ‘is equal to Fae. The decrement 
Accumulator A instruction is now executed followed by a store ACCA 
instruction. This ees ter sequence 1s repeated until ACCA is equal 


to 0. 


The above process is repeated on Accumulator B substituting the 


appropriate Accumulator B instructions. 
Transfer ACCA to ACCB, ACCB to ACCA 


This test is designed to verify the internal transfer of accumulator 


to accumulator by using previously verified instructions. 
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INSTRUCTION DATA PATTERN INSTRUCTION DATA PATTERN 


Load A 49, 6 
Store A -- 
Load B | 4916 
Store B , -- 
Load A , 8816 
Store A -- 
Load B 80, 
Store BC -- 
Load A FE. . 
Store A -- 
Load B FE 
Store B -- 
Load A FD. ¢ 
Store A -- 
Load B FDi¢ 
Store B -- 
Load A FBi¢ 
Store A oo 
Load B FBy¢ 
Store B -- 
Load A Fli¢ 
Store A -- 
Load B F716 
Store B -- 
Load A EF 
Store A... -- 
Load B EF. 
Store B | -- 
Load A DF 16 
Store A =e 
Load B DF 6 
Store B -- 
Load A BF i ¢ : 
Store A -- 
Load B BFie 
Store B -- 
Load A 1Fi¢ 
Store A -- 
Load B IFig 


Store B 


TABLE 12: Accumulator Load Routine . 
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Both accumulators are initially loaded to all 0's. An increment 
ACCA is executed followed by a transfer ACCA to ACCB, clear ACCA and 
then store both accumulators . Now, an increment ACCB is executed, 
followed by a transfer ACCB to ACCA, clear ACCB and store both accumu- 


lators. This sequence is repeated until ACCA is equal to X'FF. 
Shift/Rotate Capability 


The Accumulator registers of the 6800 are equipped with five modes 
of shift and/or rotate instructions. To properly verify the operation 
of these instructions, each is executed with several data patterns 
designed to represent worst case. Also, included in the execution of 
the shift and rotate instructions is verification of the Condition Code 


register, in particular the Carry Bit (C). 


The test routine for the shift and rotate instructions initializes 
the MPU to a 0 state and then executes all five instructions on each 


accumulator. The recommended data patterns for each instruction is: 


FF16 
AA\6 
9916 
D116 
OP16 


Each instruction is executed a total of eight times in order to 
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shift or rotate the data pattern through the entire accumulator. 

The contents of the accumulator being tested should be stored after 
each execution of the shift or rotate instruction. Also. the contents 
of the Condition Code register should be stored after each eight exe- 


cutions of the instruction being used. 


Arithmetic Logic Unit (ALU) 


The function of the ALU is to perform addition, subtraction, and 
logical operations (OR, AND, Exclusive OR, 1's complement and 2's 
complement). Arithmetic comparisons can also be performed to set or 
reset bits of the Condition Codes register (CCR) which are testable 


_ 


for use in condition branch instructions. 


Proper verification of the ALU includes execution and verification 
of al] aecosianed instructions in conjunction with worst case data pat- 
terns to verify that the ALU can add, subtract, recognize a carry, half 
carry, positive number, negative number and 2's complement overflow. 

As the CCR is an intergral portion of the ALU, its contents should be 


verified after execution of each instruction. 


As in previous situations, the actual order of the instruction sae 
data sequence should be structured such that, when possible, only instruc- 
tions that have been previously verified are used for verification of 
unused instructions. The actual data patterns must be chosen such that 


the desired results will be generated. 
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Timing and Control Logic 


Timing and control logic veri fication includes testing proper 
generation of the Valid Memory Address (VMA), Bus A available (BA), and 
Read/Write control signals (R/W). The control signals BA, VMA, and 
R/W are generated according to the decode of each instruction with 30 
different possible combinations. Therefore, each instruction must be 


verified as producing the proper response of these signals. 


| Interrupt Capability 


The 6800 microprocessor unit has been designed to offer two priority 
levels of hardware interrupt capability, the IRQ (maskable) and NMI 


(non-maskable) interrupts, NMI having priority of IRQ. 


Upon detection of an interrupt, the 6800 will enter the interrupt 
state at the end of the instruction being executed or after the con- 
pletion of next instruction, depending upon what clock cycle of the 


present instruction execution the interrupt has occurred, 


The "I" bit of the Condition Codes register has been designated as 
the mask bit for the IRQ interrupt. If an IRQ occurs and the “I" bit — 
is set, the interrupt is ignored. If not, the interrupt state is 


entered. 


The objectives of this test can now be stated as verification of 
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the following conditions. 


1. Proper 6800 response to an IRQ interrupt by testing the data bus 
for storage of internal register contents, address bus for Stack 
Pointer address generation during the above storage and the address 
bus for generation of the TRO address interrupt vector. 

2. The "I" bit is set as a results of an IRQ interrupt. 

3. That the 6800 will not respond to an IRQ: interrupt when the "I" 
bit of the CCR is set. 

4. Proper response to an NMI interrupt when the "I" bit is set and 
reset. 

5. Priority of the NMI interrupt over IRQ by causing both signals to 


indicate interrupts simultaneously. 


A third mode of interrupt is under software control by means of the | 
SWI (Software Interrupt Instruction). Execution of this instruction 
is not hardware relatéd and will therefore be executed whenever it 
occurs in the user program. This instruction is verified by testing 
the data and address bus for proper storage of internal 6800 register 


contents and the generation of the SWI address interrupt vector. 


Execution of the WAI (Wait for Interrupt Instruction) stores all 
internal register in the stack and then places the 6800 in an inactive 
wait state. The device will remain in this state until either an IRQ 
or NMI interrupt occurs. This instruction is verified by first observ- 


ing the data and address bus during internal register content storage 
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and second that an IRQ and NMI interrupt will be allowed to respond as 


previously described for these signals. 


The TRQ and NMI signals are asynchronous and as such should be 
tested for interrupt generating capability by causing the interrupts 
to occur within several timeframes. First each interrupt should occur 
such that the recognition routine starts after completion of the pre- 
sent instruction being executed at the time of interrupt and second, 


after completion of the next instruction at the time of interrupt. 


Instruction Decode Test 


i 


The Instruction Decode test verifies proper execution of :all jump, 


branch, and subroutine instructions. 


The major aspect of the jump instruction is to test for proper ad- 
dress generation in response to the two addressing modes of this in- 


struction. 


Testing of the branch instructions requires execution of each 
instruction and testing that (1) the branch address is generated, if 
the branch condition is true, and (2) that the branch does not occur, 


if the associated condition is false. 


Subroutine instructions tests are required to verify that (1) the 


Stack Pointer address occurs on the address bus simultaneously with the 
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return address on the data bus, (2) the correct subroutine address is 
generated, and (3) that the return from subroutine generates the Stack 
Pointer address on the address bus for the purpose of pulling the 


return address from stack. | 
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1802 


The 1802 microprocessor unit is a Static 8-bit device employing 
CMOS technology. The device provides the following internal archit- 


ecture (see Figure 11). 


oa! 
a 


16-bit by 16-bit Register Array 
2. 8-bit Arithmetic Logic Unit (ALU) 


W 


8-bit Accumulator (D) 

4. Two 4-bit Instruction Registers (I and N) 

5. A 4-bit Register P used to specify which of the 16-bit Registers 
in (1) is the present program counter. 

6. A 4-bit Auxiliary Register (X) 

7. An 8-bit Temporary Register (T) 

8. A l-bit Register (Q) 


Examination of the instraction set of the 1802 reveals that the 
major data path to and from ie internal register array is through the 
D register. Therefore, this module of the 1802 is of extreme impor- 
tance and the test program will exercise this module fully as an initial 
Starting point. Next, the uniqueness and functionality of the 16-bit by 
16-bit register array will be proven. Arithmetic and Logical instruc- 


tions will be tested next followed by the Branch and Skip instructions. 
A unique feature of the 1802 is a built-in DMA feature which uses 


an internal register as a counter for the number of bytes transferred 


to or from memory. This feature is evaluated for both the DMA in and 
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DMA out modes of operation. The Interrupt feature is verified for 


proper operation and also tested for its masking capability. 


D Register 


The importance of the D register is its function.of being the path | 
by which to load or stores conten: of the scratch pad register array 
via the data bus and as a working register of the arithmetic logic unit. 
The initial phase of the test on this register is to ensure the ability 
to load worst case data patterns in the D register and also store the 


same. 


Execution of this test consists of a series of load instructions 
to walk a 1 through a field of O's and-a O through a field of l's, 
each load instruction being followed by a store to verify the load 


operation. 


Register Array 


The purpose of the penis aay is to provide a program counter, 
16-bit vectored interrupt address storage, DMA address counter, and 
general purpose scratch pad registers. The initial test on this module 
consists of a series of instructions to verify that each register can 
be loaded to worst case data patterns and that each register can be 
accessed for the retrival of this information. All input and storage 


of data patterns to the register array will take place through the D 
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register. An important point is that at all times one of the 16 
registers is being utilized as a program counter, as determined by 

the value in the 4-bit P register. Upon initial start-up and reset of 
the 1802, the P register is reset to 0, making R(0) the current pro- 
gram counter. Therefore registers Rly ehvouen R(15) are tested first 
and then the SET P instruction must be executed to.change the redistex 
being used as the program counter. Register R(0) is then tested in 
the same manner as the acheks: Due to the use of R(0) as a program 
counter during this exercise, R(0) should be stored through the D 
register at the completion of this test to check that it has been in- 
crementing: during the execution of the test. Then a test sequence 
which loads and stores worst case data patterns can be executed. 

The actual test sequence of loading and storing data patterns in the 
register array should use different data such that the uniqueness of 


each register is proven. 


The next portion of the Register Array test will verify operation 


of the increment and decrement instructions, INC and DEC. 


The procedure is to verify that each of the 16 registers of the 
register array can increment and decrement throughout the entire range 
of 0 to 2! -1. Also to be verified is the over and underflow charac- 
teristics of each register. Registers R(1) through R(15) are to be 
tested first with R(0) acting as the program counter. Then R(0) is 


tested with R(1) as the program counter. The test procedure is as 
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follows: 


1. Reset device. 

2. Load registers R(2) through R(15), each with a distinct data pat- 
tern. 

3. Load register R(1) with 0 and using the ineeiene N instruction, 
cause this register to increment from 0 to 2!5 1. Then execute 
the increment instruction an additional time to cause R(1) to 
overflow to 0. Each increment instruction should be followed by 
PUT low register N and PUT high register N instructions to verify 
the increment. 

4. At the completion of step 3, all other registers should be stored 
on the data bus to verify that no destructive interaction has 
occurred. | 

ow The decrement register N instruction is now executed to cause 
register R(1) to decrement from 0 to als -1, and then to 0. Again, 
each decrement instruction is followed by a PUT low register N and 
PUT high register N instruction to verify ve decrement. 

6. Registers R(2) through R(15) are now read onto the data bus to 
verify no destructive interaction. 

7. This process is repeated until registers R(1) through R(15) have 
been tested. 

8. A SET P instruction 1s executed to change the current program counter 
from R(0) to R(1). 

9. Register R(0) is stored on the data bus and its present contents 


veri fied. 
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10. R(0) is loaded to.0 and the same procedure is followed for veri- 


fication as described above. 


X Register 


The purpose of the X register is to hold a ube code used to 
designate one of the 16 registers of the register array for use in 
certain load and store instructions. Upon initial reset of the MPU, 
‘this register is reset to 0 and then may be loaded to another value 
by the SET X instruction. Proper verification of the operation of 
this register is to reset the MPU, and execute a load via X or store 
via X instruction. ‘The value which will appear on the sadnese bus 
will be the contents of register R(0) which is also the current con- 
tents of the program counter as a reset will clear the P register to 
0. 

At this point the SET X instruction is executed to designate R(1) 
and the load via X or store via X instruction executed. This process 
is repeated until all registers have been designated by the X. register. 
It is important to note that all registers should be loaded to dif- 
ferent values in order to prove that the R(X) register is actually 


present on the address bus. 


P Register 


The P register is used to hold a four bit code uSed to designate 
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which of the 16 registers of the register array is the current program 
counter. The verification of the register operation is performed in a 


similar manner to that of the X register. 


The device is reset, which should clear the P register and register 


R(O) to 0. 


The initial portion of this program after reset should load the 
register array such that each register contains a different value. By 
doing this, each register can be uniquely identified as it is gated to 
the address bus. After verification of R(0) as the program counter 
the SET P instruction should be executed to change the current program 
counter from R(0) to R(1) and the address bus monitored. Al] fenainens 


values of the P register are verified in the same manner. 


Q Register 


The Q register is a I]-bit register which can be set or reset under 
program control. The Q register bit is also cleared after an initial 
clear is performed. Also, the status of this bit can be tested by 
several of the branch instructions. However, this portion of the Q 
register test will not utilize the branch instruction as a part of the 


test. 


The 1802 is initially cleared and the Q bit tested for the logic 0 


State. The SET Q instruction is executed and then reset, the state of 
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the Q bit being tested after each operation. This procedure can be 


repeated several times to ensure proper operation. - 
Arithmetic Logic Unit 


The test of the arithmetic logic unit is divided into two sections, 
the logical operations and the arithmetic operations. Also all ad- 
dressing modes included in this portion of the instruction test are 


verified together with the operation of the DF flag. 


Logical Instruction Test 


The purpose of this test is to verify that al] logical instructions 
are operational and that worst case data patterns have no effect on 


functionality of the device. 


For the instructions of OR, Exclusive OR, and AND, worst case data 
patterns are defined as those patterns that cause each bit in the result 
to be either set or reset according to the instruction being tested. 


Examples are illustrated in Figures 18, 19, and 20. 


Initially the OR instruction is executed with the data patterns 
specified. The D register is loaded, the OR instruction executed and 
the D register stored on the data bus to verify the results. This test 
is executed twice. The first time the OR instruction is used and the 


second time the OR IMMEDIATE instruction is used. 
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Pattern | | Byte | 
Byte 2 


Result | 


Pattern 2 . Byte] 
Byte 2 


Result 


Pattern 3 Byte 1 
Byte 2 
Result 


Pattern 4 _ Byte 1 
Byte 2 . 
Result 

Pattern 5 | Byte 1 


Byte 2 
Result 


FIGURE 18: 1802--OR Data Pattern 
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Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
vacner 
Pattern 


Pattern 


— | 


10 


Byte | 
Byte 2 
Result 


Byte ] 


Byte 2 — 


Result 


Byte’ 1 


Byte 2 
Result 


Byte | 
Byte 2 
Result 


Byte | 
Byte 2 
Result 


Byte ] 
Byte 2 
Result 


Byte } 
Byte 2 


Result - 


Byte | 
Byte 2 


Result 


Byte | 
Byte 2 


| Result 


Byte 7 


Byte 2 
Result 
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FIGURE 19: 1802--Exclusive OR Data Pattern 


Pattern | 


Pattern 2 


Pattern 3 


Pattern 4 


Pattern 5 


Pattern 6 


FIGURE: 20: 


Byte | 
Byte 2 


Result 


Byte | 


Byte 2 


Result 


Byte |] 
Byte 2 


Result 


Byte | 
Byte 2. 


Result 


Byte ] 


Byte 2 


Result 


Byte ] 
Byte 2 


Result 


1802-~-AND Data Pattern 
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ame) 


The Exclusive OR, EXCLUSIVE or IMMEDIATE, AND-and AND IMMEDIATE 


instructions are executed in the same manner. | 


The four shift instructions are verified using the same philosophy 
for worst case data patterns. as for the OR and AND instructions. One 
of the functions of the DF bit will be used and therefore requires 


verification. 


The procedure for verification consists of loading the D register 
with a test pattern, executing the particular shift instruction eight 
times, storing the contents of the D register after each instruction 


execution. 


Verification of the proper operation of the DF bit can only be made 
by designing a test program such that the DF bit is left to an expected 
known state. This state is then used as a starting point for the next 
data pattern. For example, if the completion of a shift instruction 
has put the DF bit to a logic J, the next shift instruction to be exe- 
cuted would be one that shifted the DF bit to either the least or most 


Significant bit of the D-register. 


For the shift instructions, the following data patterns can be used 


as initial values: 


Shift Right with Carry: 56> AAlE> FF E> 881 6> Blig» Wi, 
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Shift Left: 16: 


Shift Left with Carry: 916s 


Arithmetic Operations 


MAlg? FFigs SBig> Big 
AAG? Figs 88i¢> Blig> Mig 


— The object of this portion of the test program on the ALU is to 


verify that the ALU can add, subtract, with and without a carry or 


borrow, respectively, detect an overflow or underflow condition via 


the DF bit, and that the register and immediate addressing modes are 


functional. 


Suggested data patterns for the arithmetic instructions are as 


fol lows: 
Add, Add Immediate: 
Add with Carry, 
Add with Carry Immediate 


Subtract, 


Subtract Immediate 


Subtract with Borrow, 


Subtract with Borrow Immediate 
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FFa to FF igs 59 


AA 6> 981, to OD 


to 55 
16 


FQ to OF 


16 
16° 


FF 


OD 16 


16 to CC 
89 


to Fae: FB. 6 to 


16° 
16 


FF. from FF, 55 


16 16 


from 9546 


from AA,_, AA 


16 16 16 


FFI 


from 99 


from Dligs OF from QF 80 


69 


16°’ "16 


from 19,6 


16” ~" 16 


M 3 $ 
Subtract Memory FFA from FF 9916 from AA. 6? AA, from 
Subtract Memory Immediate 9546 | 
M 
Subtract Memory with Borrow, | FF, from Die» PF_. from OF. es 
Subtract Memory with Borrow Immediate 
y ite 896 om 994 6° 686 from 9,6 


Two methods exist for veri fying proper operation of the DF bit 
during execution of these instructions. The first is to follow each 
_add or subtract instruction by an add with carry or subtract with 
borrow. This second add or subtract instruction will verify the proper 
DF bit operation if the results are er is expected as a result of the 


instruction execution. 


_ The second is to execute a shift right with carry or shift left 
with carry to put the value of DF into the MSB or LSB of the D register 
respectively. The contents of the D register are now read and the MSB. 
or LSB verified to reflect the expected state of the DF bit. This 
is the preferred method for several reasons. First, if a failure 
occurs using the first method, the cause of the failure could be that 
the ALU did not detect the original overflow or could not execute the 
add or subtract with carry. As the shift instructions have previously 


been verified, this mode of verification pinpoints the cause of failure. 


Branch and Skip Instructions (Long & Short) 


The branch and skip instructions are verified by. causing the con- 


dition tested by the particular instruction to occur and then executing 


-133- 


the associated branch or skip instruction. The address bus is tested 
for generation of the expected branch address. Alternately, the oppo- 
site condition is verified by executing the paeeeeaty branch or skip 
isenucetonamen the branch condition does not exist sae vane 
that the branch or skip does not execute. The conditions tested for 


in the branch and skip are the following: 


Short Branch jf: D= 9 
D#®D 
DF.= 1 
DF = 9 
ng 
Q=9 
EFL = 1 
EF] = 9 
EF2 = 1 
EF2 = Q 
EF3 = 1 
EF3 = 9 
EF4 = 1 
EF4 = 9 


Always, Never 


The short branch and long branch are similar with the exception 
that the long branch provides an absolute branch address, while the 
short branch provides an address which is 0 to +255 locations from the 


address containing the short branch instruction. The conditions tested 
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for the long branch instruction is limited to the states of the D 


register, DF bit, and Q bit. Specifically these are: 


Long Branch if: _ D=9 
D#9Q 
DF = 1 
DF # 1 
Q= | 
- QF) 


Always, Never 


The skip instructions are similar to the branch instructions 


except no branch address is required. The conditions tested are as 


follows: 

Short Skip: Never . 

Long Skip: | Always 

Long Skip if: D=9 
DQ 
DF = 1] 
DF = 9 
Q=1 
Q= 6 
IE = ] 
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Interrupt 


The response of the-1802 to an asychronous Interrupt is tested by 


causing the Interrupt input to become active and verifying that the 


following states occur: 


The instruction in process at the time of interrupt is completed. 


1. 

2. The next machine cycle is a normal fetch except the address gated 
to the address bus is from register R(1). 

3. The X register fas been set to 210° 

4. The state codes indicate Interrupt recognition. 

5. The IE enable bit has been reset by causing the Interrupt input to 
indicate additional Interrupts and verifying that they are ignored. 

6. The values of registers X and P have been saved in the T register. 
(This can be accomplished by execution of a MARK isntruction). 

7. The Interrupt mode of operation is asynchronous by repeating the 
test in every clock cycle of instruction execution. 

DMA-In-Out 


The DMA-In-Out features are tested in a manner similar to that of 


the Interrupt with all expected activities verified. 


DMA In 


‘1. 


DMA-IN is caused to become active. 
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2. At the completion of the present jnetuction: verify the state 
codes indicate DMA-In, register R(0) is gated to the address bus 
and MWR is active. 

3. Item 2 is repeated for as long as DMA-In remains active, with 
register R(Q) being incremented after each transfer. 


4. Normal program execution is resumed when DMA-In becomes in-active. 
DMA-Out 


1. DMA-Out is caused to become active. 

2. At the completion of the present instruction execution, the state 
codes indicate DMA-Out, MRD is active, and register.R(0) is gated 
to the address bus. | 

3. Item 2 is repeated for as long as DMA-Out is active. 


4. Normal program execution is resumed when DMA-Out becomes in-active. 


At this point, the priority of the previous tests should be verified 
such that a DMA and Interrupt request occur simultaneously. The order 


of priority is DMA-In first, DMA-Out second, and-Interrupt last. 


Input/Output Transfers 


The test to veri fy the input and output instruction capability of 
the 1802 is performed separately for proper operation. Each instruction 
Should be executed with al] possible combinations of I/0 device selec- 
tions, testing for proper access of the least three significant bits on 


output pins NO, Nl, and N2, and the contents of register R(X) being 
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VI. 


DC TEST REQUIREMENTS 


Although the major portion af this report has been devoted to testing 
of the functional characteristics of microprocessor units, the importance 
of DC testing should not be de-emphasized. As with other semiconductor 
devices, microprocessor units malfunction as a results of DC characteristics 


being out of specification. Therefore, it is recommended that any complete ~ 


test on a microprocessor unit include verification of the manufacturers 


specified DC characteristics. 


The commonly specified DC parameters are input and output voltage 
levels, input and output currents and leakages, tristate leakage currents, 
power supply voltages and power supply currents. Proper verification and/or 


measurement of each parameter should be performed, simulating the necessary 


‘condition for accurate test execution. Refer to Attachment I for DC speci- 


fications of each device. 
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VII. 


SURVEY SUMMARY 


A. List of Companies Interviewed 


Advanced Micro Devices, Sunnyvale, California 
American Micro Systems, Incorporated, Cupertino, California 
ere Aerospace, Seattle, Washington 

Burroughs Corporation, Pasadena, California 
Chrysler Corporation, Hunstville, Alabama 

Fairchild Systems & Technology, San Jose, California 
General Electric Company, Pittsfield, Massachusetts 
Hewlett Packard, Palo Alto, California 

Hughes Aircraft Corporation, Culver City, California 
Intel Corporation, Santa Clara, California 

Motorola, Austin, Texas 

Motorola, Phoenix, Arizona 

National Semiconductor, Santa Clara, California 

RCA, Sommerville, New Jersey 

Rockwell] International, Anaheim, California 
Tektronics, Beaverton, Oregon 


Texas Instruments, Houston, Texas 
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B. REVIEW OF PRESENT MICROPROCESSOR TEST TECHNIQUES QUESTIONNAIRE 


I. TEST EQUIPMENT 
A. Tester (Which Device on Which Tester) 
B. Clock Speed of Tester 
C. Burn-in Equipment 
1. Type Used 
2. Static 
3. Dynamic 
4. What Type 
II. DC TEST (PRODUCTION) 
A. Parameters Tested © 
. What DC Parameters Are Tested 
2. Are Voltage Measurements Done DC Static or Functional 
Se. JE DC, How Long Is Sample | 
4. IF AC, Is VOH and VOL Measured*Qne Pass or Two Pass 
Execution Time (Delete Overhead) 


Overhead Time 


Uo CO WW 


Percentage of Total Test Program | 
E. Differences Between Wafer and Final Package DC Tests 


F. Type of Failures Observed 
III. FUNCTIONAL TESTS (PRODUCTION) 


A. Test Pattern 


1. - Method of Generation 
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2. Instruction Sequence (What Do. They Test For) 
a. Modular | 
b. Other 
3. Gold Device 
a. As A Comparison Test 
b. As A Learn Method 
c. Self praangstic (Board Test) 
4. Pattern Length 
5. Pattern Sensitivity 
6. Frequency of Testing Device Output(s) 
a. Each Cycle 
b. End of Operation 
c. Other 
Functional Test Conditions 
1. Device Timing 
2. AC Parameters 
a. Rise/Fall Times 
b. Minimum Pulses 
c. Access Times 
3. Execution Time (Delete Overhead) 
4. Overhead Time 
5. Error Analysis 
a. Why Device Failed 
b. What Instruction 
c. What Data Pattern 


d. What Pin(s) 
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C. Percentage of Total Test Program - 
D. Types of Failures Discovered 
E. Differences Between Wafer and Final Package Functional Test Programs 
CHARACTERIZATION EFFORTS 
A. Parameters Characterized 
1. Functional and AC 
2. DC 
B. Temperature Conditions 
C. Burn-in Conditions 
D. Form of Characterization Data Log 
1. Histogram 
2. Shmoo Plot 
3. Other 
E. Number of Devices Characterized 
F. Department Responsible for Characterization 
PRODUCTION TESTING 
A. fomeerature Conditions 
1. Hold, Cold, Ambient — 
2. If Not Done, Why 
B. Burn-in Conditions 
}. What Temperature 
2. AC or Static 
3. What Loads 
4. If Not Done, Why 
C. Data Logging 


1. Bin Classification 
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VI. 
VII. 


2. Hardcopy 
a. What Is Obtained 
Location Performed 
Percentage of Devices Screened 
Department Responsible for Production Testing 


— 38510 Speci fication--Yes/No (If Yes, Who Wrote It) 


- SMD TH OUT CUD 


Types of Failures 
WHAT TYPE OF PROBLEMS ARE YOU FINDING 
RECOMMENDATIONS FOR USER TESTING OF MICROPROCESSORS 
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C. QUESTIONNAIRE RESPONSES 


I. TEST EQUIPMENT 


A. neSeey, 
E DEVICE 
RESPONSE 1802 
1. Fairchild Sentry II 2 1 1 
rage ——s Sentry 600 2 2 
ce Macrodata MD-154 1 
4, fekivoiies S-3260 | 3 1 1 4 
5. Teradyne J27/7 1 
6. Teradyne J283 - 1 ] 
ye eeaians J293 | | | | 
8. In-House System ; 1. ] 
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B. Burn-In Equipment 


DEVICE 
RESPONSE 8080 | 6800 | 8008 ; 2901 } 1802 


1. Blue M 1 1 


2. In-house Design 3 


3. Commercially Available 


4. Not Being Performed | . 1 
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II. DC TESTS (PRODUCTION) 


A. Parameters Tested 


| DEVICE 

RESPONSE gogo | 6800 | soos | 2901 

1. All Data Sheet a 2 1 3 1 
Parameters 

2. All Data Sheet 1 


Parameters Plus 
Several Unspecified 
Parameters 
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B. Voltage Measurements, Static or Dynamic 


DEVICE 
RESPONSE 8080 |; 6800 | 8008 | 2901 1802 
1. Dynamic 4 2 
2. Static 7 4 ] 
3. Clocked Very Slow ] ] 
(Considered Static) 
4, Static Where Possible ] ] 


Dynamic Otherwise 
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C. Length of Sample Time, If Voltage Measurements are Static 


— DEVICE 
RESPONSE - 8080 {| 6800 ; 8008 | 2901 1802 
. 45 ms ] | 


10 ms | ae 


Dependent On Parameter 


Don't Know 
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D. VOL and VOH Measurements 


DEVICE 
RESPONSE ~ 8080 | 6800 | 8008 { 2901 
1. AC Measurement--Made 4 2 2 ] 
In One Pass Using 
Differential Voltage 
Comparators. 
2. AC Measurement--Made ] 4 
In Two Passes. 
3. AC Measurement--Made 2 
In Separate Passes. 
4. DC Measurement--Made | ] 


In Static Mode. 
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E. DC Test Execution Time 


DEVICE 


RESPONSE ' 8080 | 6800 


1. 1/4 Seconds Total Test Time, J 
~ Breakdown Not Available 


2. 2 Seconds Total Test Time, 1 1 
Breakdown Not Available 


3. 3 Seconds Total Test Tine, ] 
Breakdown Not Available 


4. 3.5 Seconds Total Test Time, | 
Breakdown Not Available 


5. 5 Seconds Total Test Time, ] ] 
Breakdown Not Available 


6. Up to 9 Seconds Total Test | } 
Time, Breakdown Not Available 


7. 10 Seconds Total Test Time, ] 
Breakdown Not Available 


8. 20 Seconds Total Test Time, {| 1 1 
Breakdown Not Available . 


9. 60 Seconds Total Test Time, 2 
Breakdown Not Available 


QO. All tests performed are 1 ] 
engineering type tests, 
not production or incoming 
inspection oriented. 


1. Full test program not written ] 
to date, time undeterminable. 
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F. Qverhead Time, DC Test Program 


DEVICE 


1. 10 Seconds For Hardcopy ] | 
Printout. 

2. 1% | 

3. neteiaatia 6 2 2 3 1 
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G. Percentage of Total Test Program 


DEVICE 
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802 


1. 02 
2. 4% 
3. 102 
4. 20% 
5. 20 - 20% 


6. 70 - 80% 


7. Undeterminable 
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H. Differences Between Wafer and Final Package DC Tests 


DEVICE 


RESPONSE | 8080 | 6800 | 8008 | .2901 | 1802 


Wafer level tests include ] 
a 25 V Stress Test which 

is not done at final 

package. 


Wafer level DC tests are 
closely monitored for 
indications of yield 
relating to process 
parameters. Final Package 
is strictly Go/NoGo. 


Wafer level tests are 
performed with wider 
guardbands. 


None. 


Undeterminable. 


Not Applicable. 
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I. Types of Failures 


DEVICE 


RESPONSE 6800 | 8008 | 2901 | 1802 
2 2 3 


1. Normal Process Related 


Failures. 


2. Leakage Current, Temperature 
Failures. 


3. Undeterminable 


4. No Comment 
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FUNCTIONAL TEST PROGRAM, PRODUCTION - 
A. Test Pattern 


1. Method of Generation 


DEVICE 

RESPONSE 8080 | 6800}; 8008 ; 2901 | 1802 

1. Functional Computer 4 2 1 1 
Simulation. | 

2. Manual, Line by Line. ] 

3. Manual, Line by Line, 2 
Generation in Tester 
Assembly Language. 

4. Half Simulation (Learn ? | 7 ! 
Mode). 

5. Gold Device (DUT operates 7 


in parallel to known good 
device.). 
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2. Basis For the Order of uP Instruction Test Sequence 


DEVICE 


RESPONSE 8080 | 6800 | 8008 {| 2901 | 1802 


Exercise every node. Verify : ] 
operation of every iInstruc- | 

tion within specified timing 

requirement. Exercise adja- 

cent nodes in Modular Approach 

Satisfy large user require- 

ments. 


. Use a Modular Approach to 
verify device operation. 
Also utilizes test engi- 
neer's experience to 
generate an interactive type 
test. 


Modular Approach using 


worst case instruction and 
data pattern sequence. 


Modular Approach designed 7 3 
to represent worst case 
operation. 


Test pattern developed by 1 
device designer to represent 
worst case operation. 


Identify all data paths, all | 1 
instruction operations. 
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3. Pattern Length 


| | DEVICE. : 
RESPONSE soso | 6800 | 8008 | 2901 | 1802 


1. IK _— 7 


2K 


2K Clock Cycles 


oK 


8K 


12K 


16K 


7500 


Program Incomplete To Date 


No Comment 
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4, Pattern Sensitivity 


DEVICE | 
RESPONSE 8080 | 6800 ; 8008 j; 2901 | 1802 


1. RAM section sensitive to 
a CHECKERBOARD Pattern. 
Results are based upon a 
sample space of five 


' devices. 
2. ALU 
3. None 
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5. Frequency of Testing Device Outputs 


DEVICE | 


RESPONSE 8080 | 6800 | 8008 | 2901 | 1802 
1. Each Cycle, Each Pin 5 3 . 2 1 
2. When Determinable Data ] 

Is Expected to Be 

Present. 
3. Not Every. Pin, Every Clock) 1 1 


Cycle. The Status of a 
Pin is Tested Based Upon 
the Test Engineers 
Judgement. 


4. Several Instructions are ] 
Executed, Pins of Interest 
Are Tested. 


a a ee 
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B. FUNCTIONAL TEST CONDITIONS 


1. Device Timing, Frequency 


DEVICE _ 


RESPONSE ‘- — Igogo T 6800 | 8008] 2901 | 1802 


1. | MHz 


2. 2 MHz ] 

3. 3 MHz 1 
4. 4 MHz ] 1 
5. 100 MHz 1 
6. 500 MHz 1° 


7. Minimum and Maxiumum Cycle | 1 
Time. 


8. Maximum Cycle Time, Minimum 1 
Cycle Time, Each Extreme 


Tested With Guardband. 


9. Maximum 2 
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2. AC Test Parameters 


DEVICE 
RESPONSE 8080 {; 6800 ; 8008 ; 2901 | 1802 


Rise and Fall Times, | | ] 
Minimum Pulse Width, 


Access Times. 


Minimum Pulse Width's, ] 3 ] 
Access Times. | 
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3. Functional Test Execution Times and Overhead 


DEVICE 


RESPONSE 8080 | 6800 | 8008 |} 290) | 1802 
] 


1. 2 Seconds Total Test Time 
1/2 Second Overhead. 


2. 3 Seconds Total Test Time 7 
Overhead Undeterminable. 


3. 3 Seconds Total Test Time 1 
| 1 Second Overhead. 


4. 3.5 Seconds Total Test Time ] 
Overhead Undeterminable. 


5. 4 Seconds Total Test Time | J 
1 Second Overhead. 


6. 5 Seconds Total Test Time ] 1 - 
Overhead Undeterminable. 


7. 10 Seconds Total Test Time | ] 
Overhead Undeterminable. 


8. 60 Seconds Total Test Time 1 
Overhead Undeterminable. 


9. 63 Seconds Total Test Time 1 
60 Seconds Overhead. 


10. Program Not Completed to Date.| | 1 
11. No Comment. | -] r I. 
fa ee sae Sa I 
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4. Error Analysis Information Available . 


: DEVICE 
RESPONSE 8080 ; 6800; 8008 


1. Results indicate what test, 5 
what uP instruction, what 
data pattern, what pin(s), 
although this information 
is not used in Go/NoGo 
testing. 


2. Only Pass/Fail status. 1 


3. Results indicate what test 
failed, what uP instruction, 
what data pattern, and the 

| pin(s) involved. 


| 4. Results indicate the uP 
instruction involved in . 
the failure but not expected 
data output or what pin(s) 

| involved. The failing test 

| is indicated. 


5. Results indicate what test 
failed and the data pattern 
involved. The instructions 
involved can be determined 
with a manual. 


6. Off-line analysis, the fail- 
ing pin is not displayed. 


7. Only RAM section test results 
indicate what data pattern, 
input code and failing pin(s) 
Status. 


8. The capability for indicating 
failing test, uP instruction, 
data pattern, and pin(s) in- 
volved exists although it is 
not used in the Go/NoGo 
Situation. ) 


9. Parametric test portion indi- 
cates the test failed, func- 
tional portion indicates uP 
instruction which failed. 
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5. Types of Failures Discovered 


a | DEVICE 
RESPONSE 8080 ; 6800 ; 8008 | 2901 | 1802 


1. Normal, no pattern sensiti- 1 
vity found. 
2. Timing, logic error, temper- 1 


ature related failures. 


3. Parts are slow, do not meet ] 
timing specifications. 


4. Majority of failures are ] 
totally inoperative. 


5. Package devices are mainly. ] 
functional failures. ; 


6. Normal type failures of DC 
and functional. 


7. Normal process related fail- 
ures. 

8. Mostly functional failures. 

9. In DC mode, leakage current. ] 
is the predominant failure 
mode. Most failures are 
parts tnat fail within first 
15 instructions. 

10. Have only tested small amount 1 
information inaccurate. | 

11. Have not completed in-coming | 
inspection program to date. 

12. Information not available. ] 
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6. 


Differences Between Wafer and Final Package Functional Tests 


DEVICE . 


RESPONSE 8080 | 6800 | 8008 | 2901 
| | 


1. No Multiple Probes on 
Wafer. _ 


2. Less Functional Tests at 2 
Wafer, to Identify Work- 
ing Parts, do Speed 
Classification at Final 
Package. 


3, Final Package Tests 2 
Include More Extensive 
Timing and Voltage Corners 
To Classify Parts. 


4. Test Pattern Is the Same. | 1 
Timing and Voltage Corners 
_ Are More Extensive to 
Classify Parts. 


9. Do No Perform Wafer Probe ] 
Except Under Special Cir- 
cumstances. Test Would 
Be Different But Details 
Not Available, 


6. None. ] } 


7. Not Applicable. 2 1 1 


1802 


IV. Characterization Efforts 


A. Parameters Characterized 


RESPONSE 


7. All AC & DC Parameters. 


DEVICE 


2. All AC & DC Parameters 
Except Rise & Fall Times. 


3. All AC & DC Parameters 
Plus Additional Parameters |, 
Related to Process Control. 


4. All AC & DC Parameters, 1 
Except Rise & Fall Times, 
Data Patterns and Instruc- 
tion Sequences. 
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B. 


Temperature & Burn-in Conditions 


RESPONSE 


12. 


13. 


-55°C to 125°C temperature , 

6-7°C increments, life test 

evaluation performed in. lieu 
of burn-in. 


At present ambient, expect 
to go to 80°C case temper- 
ature, life testing. 


Military: -55°C, -40°C, 0°C, 
25°C, 100°C, 125°C. Commer- 


cial 0-70°C. Burn-in at 150°C 
- 40 hours minimum, #1, @2 


clocked, loaded outputs. 


-55°C, -30°C, Ambient, 85°C, 


125°C, life testing at 125°C, 


1000-2000 hours. 


O°C & 70°C, will go to 85°C, 


possibly higher, no burn-in. 
70°C, no burn-in. 
Ambient, no burn-in. 


O°C to 70°C, guard banded 
life test. 


~55°C to +125°C, burn in at 
125°C, 48 hours, outputs 
loaded, 91,92, clocked. 


~55, 30°C, Ambient, 85°C, 
+125°C, life test at 125°C, 
dynamic, 1000-2000 hours. 


-55, O°C, 25°C, 70°C, +125°C 
life test at 125°C, dynamic, 
5000 hours. 


0°C, 70°C, 125°C, burn-in is 


Static, power supplied, no 


7 DEVICE. 
8080 16800] 8008 | 2901 11802 
| 


1 


] 


pattern applied, outputs loaded. 


Temperature is -65°C to +200°C. 


Perform burn-in only if contract 


Specifies. Have capability to 


perform all burn-in and environ- 


mental tests. 
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C. 


RESPONSE 


10. 


Statistical analysis, curves, 
extensive use of shmoo plots, 


occasionally log to disc or 


mag tape for off-line evalu- 


ation. 


Shmoo plots, cumulative and 
individual. 


Histograms , shmoo plots and 
Statistical analysis. 


Number charts, might go to 
histograms: in future. Are 
not performing extensive 
characterization to date. 


Tabular output and statis- 
tical analysis. 


Statistical analysis, curves, 


and extensive use of shmoo 
plots. 


Graphical pictures, histo- 


grams, statistical analysis, 


and some shmoo plots. 


Statistical analysis, histo- 


grams, and shmoo plots. 
Summary . 


Shmoo Plots. 


Form of Characterization Data Log 


DEVICE 


6800 |; 8008 


q 
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D. 


10. 


Number of Devices Characterized 

6 

10 1 1 

12 - 24 1 

20 

40 

50 ] 

100 1 

500 1 1 
1400 ] 
Information Not Available 1 1 ] 
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E. Department Responsible for Characterization 


= | DEVICE 


RESPONSE 8080 | 6800 8008 2901 | 1802 


Product Engineering 

- Design Engineering 

. Production & Design 
Engineering 

- Manufacturing Engineering 

. Electronic Design ] 

. Components & Evaluation 
Department 

. Operations Department 

. Advanced Device Technology 
Department — | 

- Production Test Group — 
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NO 


onan 


anon’ 


F. Method of Processing Characterization Data 


RESPONSE 


1. Automatically 


: DEVICE | 
8080 | 6800 | 8008 | 2901 | 1802 


2. Manually 
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V. PRODUCTION TESTING 


A. Temperature Conditions 


DEVICE 
RESPONSE 8080 | 6800 | 8008 ; 2901 | 1802 


1. Ambient 1 2 1 
2. ~-55°C, +125°C Ambient ] 
3. O-70°C, 125°C, Ambient 1 
4. 70°C 1 
5. Commercial parts 70°C, | 1 
Military, Cold, Ambient, | 
Hot . 
6. Initial at 70°C, plan 2 


to reduce to Ambient. 


7. Wafer at Ambient, final 
package per MD STD 883, 
5004, 5005, Class C. 
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B. Burn-in Conditions 


4 DEVICE 


RESPONSE 8080 | 6800 ; 8008 | 2901 | 1802 


1. 125°C, dynamic, outputs 2 
loaded, performed as part of 
QA sampling, not normal’ por- 


tion of production test. 


125°C, dynamic, outputs 
loaded. 


At customers request only, 
125°C, static, outputs 
loaded. 


At customers request 125°C 
to 160°C, dynamic, outputs 
loaded. ) 


Performed as part of QA 
Sampling, static mode, no 
pattern applied, outputs 

loaded, 125°C. 


Only performed if contract 
specifies. Have capability to 
do full military temperature 

range and dynamic type burn-in. 


Military only, 150°C, 40 Hours 
minimum, 91, 92, clocked, out- 
puts loaded. 


No burn-in. 


. None at present. 
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C. Datalog Format and Hardcopy 


. | DEVICE 
RESPONSE soso | 6800 | goog | 2901 | 1802 


1. 6 Bins, hardcopy of 
Bin distribution 
obtained. 


Go/NoGo Testing, hard- 
copy of Bin count. | 


Bin classification, | | | 
‘hardcopy of Bin count. 


Bin classification: 
Pass, Fail, DC, Fail 
Functional, no hardcopy 


obtained. 
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D. 


Percentage of Devices Screened 


RESPONSE 8080 | 6800 


100% 
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DEVICE 


8008 | 2901 | 1802 


—. Department Responsible for Production Testing 


DEVICE 


RESPONSE : 6800 | soos) 2901 | 1802 


1. Production Operations 1 1 
2. Production Control] 7 
' 13. Production Testing ] | ] 
4. Incoming Inspection 2 — | | 
0. Product Engineering 1 1 
6. Manufacturing Engineering} — 1 
ra Bipolar Microprocessor | 1 
Department , 
8. Quality Assurance ] 
9. Operations Department ] 
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Use of 38510 Specification 


| DEVICE 
RESPONSE | goso | 6800 | 8008 | 2901 | 1802 


1. Are testing to what the ] 
8080, 38510 is antici- 
pated to contain. 


2. Are testing to in-house J 
version of 38510, spec- 
ification for 8080, 
written by Quality 
Assurance Department. | 


3. None--an in-house spec- L 
ification is used which 
parallels a class C 
military specification. 


4. Are using 38510 slash 1 
sheet. 

5. Use in-house version of 1 
38510. 

6. Will generate in-house 1 
version. 

7. None 3 2 ] 
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G. Types of Functional Failures 


DEVICE 
RESPONSE soso | 6800 | 8008 | 2901 ‘| 1802 


Totally inoperative 


parts, functionally.. 


Normal process and 
packaged related failures. 


Package devices are pre- 
dominantly functional 
failures. 


DC tests are predominantly 
leakage failures; func- 
tional failures are parts 
that wholly inoperative. 


No data available. 


No comment. 
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VI. 


Types of Problems tncountered in Testing Microprocessors 


The problems being encountered in the testing of microprocessors 
do not reflect upon an individual microprocessor but rather the con- 
cept of testing a central processing unit intergrated on one LSI chip. 


The following is a summary of all comments received. 


The range of problems encountered in testing microprocessors is 


best presented by establishing a categorical list derived from both 


manufacturer's and user's. These problems are: 


1. None 

2. Time Involved 

3. Money Expenditures 

4, Knowledge of Device 

5. User Understanding of Device Operation and Aooiicatiton 
6. Appreciation of Total Efforts 

7. Test Equipment 
8 


Accurate Technical, Information on Device 
Item } 
Four (4) interviewers stated that no one area of testing presented 


unusual problems or problems considered to approach the limits of pre- 


sent test technology. 
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Item 2 


The time factor encompasses all aspects of testing microprocessors. 
This includes test time, preparation of the total test program (pro- 


duction and characterization) and analysis of test results. 


The amount of monies involved in testing includes capital expend- 


itures for equipment and program development. 
Item 4 & 8 


Before the device can properly be tested complete knowledge of the 
microprocessor is essential. Users are of the opinion that this effort 
is hindered by a lack of adequate technical information concerning 


device operation including accurate timing and instruction operations. 
Item 5 & 6 


User's who test microprocessors for outside companies and in-house 
departments are finding that those people responsible for management 
of these tasks do not appreciate the total effort of testing. The 
device application is often not fully stated, nor, is the complexity 


of the test hardware and software requirements understood. 
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Item 7 


Only one interviewer indicated that presently available test 
equipment posed a problem in testing. This comment concerned the 
Speed of test equipment with respect to test time. However, the time 
involved in preparing test programs as viewed from an ease of program 
development standpoint. and the actual test time due to test system 
overhead requirements can also be considered a valid criticism under 


this heading. 
Item 8 

All user's except one stated that existing technical information 
about specific device operation is not sufficient. Additional infor- 


mation is needed which will accurately define total device operation 


in terms of timing and instruction execution. 
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VII. Recommendations for User Testing 


Recommendations for user testing were found to touch upon just 
about every aspect of testing, ranging from determining the extent of 


testing required to tips on test program structure. 


Cotlating all the comments gathered results in the following 


Summary. 


First, determine the nature of the MPU testing problem from con- 
Sideration of such factors as application, reliability requirements, 


and money available. 


The results of this s tudy should then indicate the capabilities of 
the test system to be used including hardware/software iadecorts: ease 
of use, DC and AC test capabilities and provision of test result ana- 
lysis. Test equipment possibilities also include the end product sys- 
tem or a uP development system, in addition to the option of designing 
a system in-house. Another alternative is to not buy test equipment 


but use a. testing laboratory instead. 
Overall test philosophy should be defined as early in the process 
as possible with the key objective of being as thorough as possible within 


the confines of times, money, and manpower available. 


The actual test program should retain the objective of thoroughness 
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by functional verification of each module of the device followed by 
an interactive type test to insure that there is no. module-to-module 
destruction of data. If possible, the test scheme should be designed 


such that modifications are easily installed at some later time. 


Be prepared for the time and node excend aces that will be 
necessary for the design and implementation of a thorough testing 
plan. Additional considerations to be included are resources for 
providing facilities for the test equipment and personnel to operate 


and maintain these items. 
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VIII. 


DETECTED PROBLEMS 


The following instruction sequence sensitivities, module weaknesses, 
or failures were either described during the study conducted and/or 
detected by Macrodata Corporation during its characterization of the de- 
vice prior to this contract... All problems described that were verified 
by Macrodata have been reported to the manufacturer(s). In all cases, 
parts manufactured after reporting the problem aneas- aid not shibit 
these characteristics. | 


Verified By 


Device Problem Macrodata 


8080 1. It was detected on some devices that the 01 Yes 
clock cross couples noise that exceeded the 
_ threshold level on the HLDA input 1 ns. 
2. When running a test similar to the one © Yes 
described for the program counter, certain 
devices would fail to respond to a reset 
pulse every time. 
3. When performing a test similar to the test Yes 
described for the register array, some 
devices showed a sensitivity to H——B and 
H——-D transfers when the 5 MSB's, in the 
data sequence were all 1's. 
4. Not all manufactured parts operate exactly Yes 


alike. One 8080 will not execute a program 


~185- 


Verified By 

Device Problem | | ? Macrodata 

instruction identical to that of another 

manufacturers part. The main differences 

ies in the execution of arithmetic instruc- 

tions in that status flag operation is not 

always identical from one aanusseeuner to 

another. This difference between parts | 

produced by different manufacturers stil] 


is present. 


8008 1. It has been detected that if an instruction Yes 
- sequence which causes the stack registers to 
perform push and pop spevation is repeated 
multiple times, the device fails to operate. 
- This was not detected on any other area 
within the device. 
Lis Sone of the fail devices operated correctly No 
for a short period of time, but after a 
period of time the devices would fail to- 
operate. This period of time was around 5 
to 10 seconds. Once the device failed, it 
would not ever become operational again, 
even 1f power was removed and reapplied. 


The device became a total failure. 
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Device 


2901 


1. 


Verified By 
Problem : Macrodata 
The "A" output latch for the RAM would Yes 
change state on some devices that were 
apevatea at a slightly elevated temperature ; 
and voltage (still within speci fication). 
The problem was detected by shifting a 
binary pattern of 1119 into the RAM and 
holding this pattern and then addressing 
another location with a pattern of 1111, 


but not clocking this pattern into the 


latch. The parts that exhibited this 


sensitivity showed that the output latch 

value changed from a 111% pattern to a - 

1111 pattern. Oe 

Some parts that have been tested showed a No 
sensitivity to a CHECKERBOARD pattern of the 

RAM. 

Not all parts will operate at their rated Yes 
Speed. Newer versions of these devices do 

not exhibit this problem. 

It has been reported that the ALU section No 
has shown some kind of sensitivity to 

either data, instruction, or a combination 


of the two. This sequence was not defined, 


so this failure could not be verified. 
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Device 


~ 6800 & 
1802 


Verified By 


Problem cs Macrodata 


No problems were reported on these parts -— 
Other than normal manufacturing process 
problems, which were detected by the 
manufacturers. User's reported no 
extensive testing on either of these 
devices, therefore, no errors were 


reported by them. 
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IX. TEST EQUIPMENT 


~ DC Requirement 


1. Voltage/Current Force Function 
Vottage Force Range = 0 to + 15 Volts 
It is recommended that there should be two ranges within this total 


range. 


Accuracy > .7% of Full Scale 
Current Force Range = 500 pa to 50 ma 
This range should be divided into at least three ranges. 


Accuracy > .7% of Full Scale 
2. Voltage/Current Measurement — 


Voltage Measurement = +15 Volts to -5 Volts 


Recommended at least two ranges. 
Accuracy > .3% Full Scale 
Current Measurement = 500 pa to 300 ma 
Recommended ranges: 2 uA Full Scale, 20 uA, 200 uA, 2 ma, 20 ma, 


300 ma. 


Accuracy’ - 0.5% Full Scale 
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Power Supplies 


Three Device Bias Supplies Plus Ground 


Voltage Range = + 15 Volts 


I 


Current Range = 300 ma, Minimum 


Accuracy = 0.2% of Set Voltage for Testing 
AC Voltage Requirements 
Logical input voltage swing: +15 Volts to -1].5 Volts, Maximum 


This voltage should be variable in 10 mV increments throughout the 


range. 


-1.5 V 
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-Logical output voltage detection: +15 Volts to -1.5 Volts, Maximum 
This voltage should be variable in 10 mV increments throughout the 


range. 


It is recommended that the output sampling circuit be able to 
detect both a VOL and VOH voltage simultaneously. This will allow for 


a functional test measurement in one pass. 


Timing Requirements 


It should be noted that all timing edges produced for input or output 


timing are required to be synchronized to one master clock generator. 


Input 


Clock Frequency = 10 MHz to DC. 


Minimum Clock Pulse Width = 20 ns. 
Clocks required = 2 Minimum - Device Clocks 
1 Minimum - Data Bus Clock 
1 Minimum - Data Bus 1/0 Control 
2 Minimum - Control Signals for Setup and Hold Time 
Measurements 


Timing edge should be capable of being variable in 1 ns increments . 
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Output 


Minimum of one output comparator strobe with both edges variable in 17 ns 
increments. Strobe positioning should vary over the complete clock input 


cycle. 


With only one comparator strobe it will be required to make more than 
one functional test on the devices. This is required to verify all output 


timing of the particular devices. 


Tester Configuration 


To generate the basic patterns to test the microprocessor that have 
been previously described the following tester would be required. Figure 


21 illustrates the block diagram of a basic tester. 


Mass storage, such as disc, or extended RAM or shift register memory 


is used to store total test patterns. 


A high-speed storage media consisting of high-speed RAM or shift register 
memory (minimum of 1K deep X 48 wide) is used to hold portions of total test 


pattern. Overlay of this memory is required from the mass storage medium. 
The Pattern Control and Sequence control logic allows repetition of the 
Same test pattern or series of patterns to reduce total test pattern size 


and enable performance of tests that would otherwise not be possible due 
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MASS. 
STORAGE 


HIGH 
SPEED 
STORAGE 
MEDIA 
PATTERN VOLTAGE 
CONTROL & CONTROLS 
TIMING 
CONTROLS 
DUT 
SAMPLE 


TIMING STROBE 
ERROR DETECT 


CIRCUIT =| REFERENCE 
VOLTAGE 


Figure 21: Basic Tester Black Diagram 
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to size of test pattern. The capability to allow real time error inter- 


rupt is also provided. 


The Interface logic provides the necessary formatting of signals to 
DUT including voltage and timing levels and signal format in addition to 
the capability of holding a test pattern on the device while the high- 


_ speed storage media is overlayed by the mass memory. 


The Error Detect: circuit compares the output of the device under test 
with the previously stored output response pattern, alerting the pattern 


control and sequencer module of error conditions. 


This basic system can be developed by a company whose testing require- 
ments necessitate the use of such a system. Because of the design vari- 
ations for the different microprocessors, a project of this type can become 
costly anid time consuming. Since at least three test equipment manufacturers 
produce equipment that can perform the described test, it is recommended 
that a company consider munenaeti this type of system from a commercially 


available supplier. Companies that produce this type of equipment are: 


Fairchild Systems Macrodata Corporation Tektronic Systems 


San Jose, CA Woodland Hills, CA Beaverton, OR 
software Requirements 
_ The software requirements for the test system described in the preceding 
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section can be itemized as follows: 


1. Disc Operating System 
2. Test System Executive Program 


3. Microprocessor Test Pattern Deve lopment Program 
Discussion 


In order to efficiently store the large quantities of test data neces- 
Sary to execute the tests previously described, a magnetic disc based 
computer system was chosen. The use of the disc requires a sophisticated 
computer program to control storing and retrieval of information to and 
from the disc. Programs of this type are available from the manufacturer 
of the computer chosen for use and can be incorporated in the total system 
software by the manufacturer of the test system. The user also has the 
option of designing his own program. The test system Executive Program is 
a custom computer program designed and developed specifically by the manu- 
facturer of the test equipment. The elements of such a program are many. 
First, a test system language must be developed to allow the user to easily 
develop test programs for a wide vaiety of devices. Additional necessary 


programs are Editor, List, and Assembly programs. 


An Editor program is one which allows the user to modify existing pro- 
grams in source language. List programs output the entire source or object 
code contents of a test program to a peripheral medium (line printer or 


“video terminal) to allow examination of the contents of a program. The 
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Kscenbiy Program converts the source statements of a test program to a 
binary object code which is understandable by the computer. An Executive 
Program must be able to initiate to fie divtavent modules of the test 
system for storage and retrieval of information in addition to controlling 


their activities. 


The Microprocessor Test Pattern Development Program is designed to sim- 
plify the development of the test patterns previously described. The 
| most desirable and accurate form of this program would be one which would 
completely simulate the microprocessor from an input string consisting of 
mnemonics and data patterns. The total output of such a program is a clock 
cycle by clock cycle definition of all input and output pins of the micro- 
processor in response to the defined input instructions. This program see 
includes test system control data such as when to input microprocessor 
‘instructions and data patterns and also when to test the output pins. If 
the test system cannot accomodate testing of all device outputs simul taneous- 
ly, several versions of the test settern are necessary to completely verify 


each device pin. 
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QUALIFICATION TEST VERSUS SCREENING TEST - 
The test required for qualification of the device should include: 
1. All functional and DC tests as previously described. 


2. Each functional module test should be verified over the complete vol- 
tage operating range of the device. The best means to do this is to 
generate shmoo plots which plot voltage (VDD, VBB, etc.) versus timing 


parameters and also voltage versus voltage. 


3. All AC timings specified in the manufacturers data sheet should be 
verified. Again, the best method is shmooing voltage versus each 
individual timing parameter and other voltages. Voltage should be 


varied over the complete specification range. 


4. Qualification should consist of testing the device over the manufacturers 
full temperature range. Recommended temperatures are +125, +70, +25, 
O, and -55°C. All manufacturers do not perform this test except for 


normal AQL sampling. 


5. An extensive burn-in program should be performed since manufacturers 
only perform this upon specific request from a customer. A recommended 
burn-in program should be at least 160 hours at 125°C with elevated 
voltages. Also, random dynamic signals should be applied continuously 


‘during the burn-in cycle. This is only a recommendation since further 


-197- 


performed on the subject of microprocessor burn-in procedures. 


All DC specifications on the device should also be varied over the 


complete voltage range of the device. Again, using the shmoo plot 


method is recommended. 


A 100% screening test should be based on the results from the qualifi- 


cation test. This test should include: 


i 


Testing each functional module as previously described at upper and 


lower power supply limits and all combinations. 
Testing all manufactures DC parameters. 


If the device is to be used over the complete military temperature 


range, the test should be performed at +125, +25, and -70°C. 
A burn-in conditioning should be conducted as previously recommended. 
Only critical timing should be verified in order to reduce test time. 


These should include minimum clock pulse width, clock frequency, and 


access time. 
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ATTACHMENT 1 
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8O080A 


8080A FUNCTIONAL PIN DEFINITION 


The following describes the function of atl of the BO80A 1/0 pins. 
Several of the descriptions refer to internal timing periods. 


Ais.Ao (output three-state) 

ADDRESS BUS; the address bus provides the address to memory 
(up to 64K 8-bit words) or denotes the 1/O device number for up 
to 256 input and 256 output devices. Ag is the feast significant 
address bit. 


D7-Dg (input/output three-state) 

DATA BUS: the data bus provides bi-directional communication 
between the CPU, memory, and !/O devices for instructions and 
data transfers, Also, during the first clock cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that de- 
scribes the current machine cycle. Og is the feast significant bit. 


SYNC (output) 
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
indicate the beginning of each machine cycle. 


DBIN (output) 
DATA BUS IN; the DBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to 


enable the gating of data onto the 8080A data bus from memory 


or 1/0. 


READY (input) 


READY; the READY signal indicates to: the 8080A that valid 
memory or input data is available on the 8080A data bus. This 
signal is used to synchronize the CPU with slower memory or 1/0 
devices. If after sending an address out the 8080A does not re- 
ceive a READY input, the 8080A will enter a WAIT state for as 


long as the READY fine is low. READY can also be used to single ~ 


step the CPU. 


WAIT (output) 
WAIT; the WAIT signal acknowledges that the CPU is in a WAIT 
state. 


WR (output) 

WRITE: the WR signal is used for memory WRITE or !/O output 
control. The data on the data bus is stable while the WR signal is 
active low (WR = 0). 


HOLD (input) 

HOLD; the HOLD signal requests the CPU to enter the HOLD 
state. The HOLD state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com- 
pleted its use of these buses for the current machine cycle. It is 
recognized under the following conditions: 

@® the CPU is in the HALT state. 

@ the CPU isin the T2 of TW state and the READY signal is active. 
As a result of entering the HOLD state the CPU ADDRESS BUS 
(Ay5-Ag) and DATA BUS (D7-Do) will be in their high impedance 
state. The CPU acknowledges its state with the HOLD AC- 
KNOWLEDGE (HLDA) pin. 


HLDA (output) 
HOLD ACKNOWLEDGE; the HLDA signal appears in response 
to the HOLD signal and indicates that the data and address bus 


wow ow @ Ww & Ww KN = 


10 
1 
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Pin Configuration 


will go to the high impedance state. The HLDA signa! begins _ at: 

® T3 for READ memory or input. - 

@ The Clock Period following T3 for WRITE memory or OUT- 
PUT operation. 


In either case, the HLDA signal appears after the rising edge of ¢, 
and high impedance occurs after the rising edge of $5. 


INTE (output) 

INTERRUPT ENABLE; indicates the content of the internal inter- 
rupt enable flip/flop. This flip/flop may be set or reset by the En- | 
able and Disable Interrupt instructions and inhibits interrupts 


from being accepted by’the CPU when it is reset. It is auto- 
matically reset (disabling further interrupts) at time T1 of the in- 


struction fetch cycle (M1) when an interrupt is accepted and is 
also reset by the RESET signal. 


INT {input) 

INTERRUPT REQUEST; the CPU recognizes an interrupt re- 
quest on this fine at the end of the current instruction or while 
halted. If the CPU is in the HOLD state or if the Interrupt Enable 
flip/flop is reset it will not honor the request. 


RESET (input)(1) 

RESET; while the RESET signat is activated, the content of the 
program counter is cleared. After RESET, the program will start 
at location 0 in memory. The INTE and HLDA filip/flops are also 
reset. Note that the flags, accumulator, stack pointer, and registers 
are not cleared. 


Vss Ground Reference. 
Vop +12 £ 5% Volts. ‘ 
Veo +5 £ 5% Volts. 
Veg -5 £5% Volts (substrate bias). 
1.92 2 externally supplied clack phases. (non TTL compatible) 


ar rn SSS i PS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS PS i ls Pup SS SS 
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B080A FUNCTIONAL PIN DEFINITION 


The following describes the function of all of the 8080A I/O pins. 


Several of the descriptions refer to internal timing periods. 


Ajis.Ag (output three-state) 
ADDRESS GUS; the address bus provides the address to memory 
(up to 64K 8-bit words} or denotes the I/O device number for up 
10 256 input and 256 output devices. Ag is the least significant 
address bit. ‘ 


D7-Do (input/output three-state) 

DATA BUS; the data bus provides bi-directional communication 
between the CPU, memory, and I/O devices for instructions and 
data transfers. Also, during the first clock cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that de- 
scribes the current machine cycle. Dg is the least significant bit. 


SYNC (output) 
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
indicate the beginning of each machine cycle. 


DBIN (output) 
DATA BUS IN; the DBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to 


enable the gating of data onto the 8080A data bus from memory 
or 1/0. 


READY (input) 


READY; the READY signal indicates to the 8080A that valid 
memory or input data is available on the 8080A data bus. This 
signal is used to synchronize the CPU with slower memory or 1/0 
devices. If after sending an address out the 8080A does not re- 
ceive a READY input, the 8080A will enter a WAIT state for as 
long as the READY line is fow. READY can also be used to single 
‘step the CPU. 


WAIT (output) 
WAIT; the WAIT signal acknowledges that the CPU is in a WAIT 
state. 


WR (output) 

WRITE: the WR signal is used for memory WRITE or t/O output 
control. The data on the data bus is stable while the WR signal is 
active low (WR = 0}. 


HOLD (input) 

HOLD; the HOLD signal requests the CPU to enter the HOLD 
state. The HOLD state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com- 
pleted its use of these buses for the current machine cycle. $1 is 
recognized under the following conditions: 

@ the CPU isin the HALT state. 

@ the CPU isin the T2 or TW state and the READY signal is active. 
As a result of entering the HOLD state the CPU ADDRESS BUS 
(Ays5-Ag} and OATA BUS (0,-Dg} will be in their high impedance 
state. The CPU acknowledges its state with the HOLD AC- 
KNOWLEDGE (HLDA) pin. 


HLDA foutput) 
HOLD ACKNOWLEOGE:;: the HLDA signal appears in response 
to the HOLD signal and indicates that the data and address bus 


1 
2 
3 
4 
5 
6 
7 
8 
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Pin Configuration 


will go to the high impedance state. The HLDA signal begins at: 

@ 13 for READ memory or input. 

@ The Clock Period owns T3 for WRITE memory or OUT- 
PUT operation. 


In either case, the HLDA signal appears after the rising edge of 9; 
and high impedance occurs after the rising edge of $5. 


INTE (output) 

INTERRUPT ENABLE; indicates the content of the internal inter- 
rupt enable flip/flop. This flip/flop may be set or reset by the En- 
able and Disable Interrupt ‘instructions and inhibits interrupts 


from being accepted by the CPU when it is reset. [ft is auto- 
matically reset (disabling further interrupts) at time T1 of the in- 


struction fetch cycle (M1) when an interrupt is accepted and ts 
also reset by the RESET signal. 


INT {input} 

INTERRUPT REQUEST; the CPU recognizes an interrupt re- 
quest on this line at the end of the current instruction or while 
halted. If the CPU ts in the HOLD state or if the Interrupt Enable 
flip/flop is reset tt will not honor the request. 


RESET (input}{t) 

RESET; while the RESET signal is activated, the content of the 
program counter is cleared. After RESET, the program will start 
at location 0 in memory. The {NTE and HLDA flip/flops are also . 
reset. Note that the flags, accumulator, stack pointer, and registers 
are not cleared. 


Vss Ground Reference. 
Voo +12 ¢ 5% Vols. 
Vee +5 £ 5% Volts. 
Vag  =-— - 5: £§% Volts (substrate bias). 
1.02 2 externally supplied clock phases. {non TTL compatible} 


gg a le SSS FS ssf i sg ye i sp SSS Sc SSS SSS Ss SS i SS SS 
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SO80A 


ABSOLUTE MAXIMUM RATINGS * 


"COMMENT: Stresses above those listed under "Absolute Maxi- 


Temperature Under Bias 6... ee ee ee ee é Vise 
Storage Temperature .. 2.2.0. eee -65°C to +150°C mum Ratings may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
All Input or Output Voltages : ; Es gets 
; V to +20V vice at these or any other conditions above those indicated in 
With Respect to Vee PT me Aa ah as aah an -0.3V to +20' the operational sections of this specification is not implied. Ex- 
Voc. Voo and Vss With Respect to Veg -0.3V to +20V posure to absolute maximum rating canditions for extended 
Power Dissipation 2.0.0. ee es 1.5W periods may affect device reliability. 
D.C. CHARACTERISTICS ; 


Ta = O°C to 70°C, Vopo = +12V ¢ 5%, Vee = +5V + 5%, Vag = -5V + 5%, Vsg = OV, Unless Otherwise Noted. 


Cac 


Test Condition 


Vinc Clock Input High Voltage 9.0 | | Vpptt} ov 
Vie Input Low Voltage | Vgs-1 | | Veg +0.8] V 
Vin input High Voltage 
Von Output High Voltage ar a lou =-150yA. 
cy = .48 usec 
7" | Input Leakage a ae es Ves@ Vin = Vee 
lee Clock Leakage ae ee uA Vss & Vetock S Vop 
Ioy [21 Data Bus Leakage in Input Mode uA Veg S Vin Ves +0.8V 
Ex mA | Veg +0.8V<Vin <Vec 
fez Address and Data Bus Leakage Ee VADDR/DATA = Vec 
During HOLD -100 VADDRI/DATA = Veg + 0.45V 
CAPACITANCE TYPICAL SUPPLY CURRENT VS. 
T, = 25°C Vee = Vp = Vss = OV, Veg =-5V , TEMPERATURE, NORMALIZED. [3] 


NOTES: 


4. The RESET signal must be active for a minimum of 3 clock cycles. 

2. When OBIN is high and Vipy > ViH an internal active pull up will 
be switched onto the Data Bus. 

3. Al supply / Tp * -0.45%/C. 


Test Condition. 
f, = 1 MHz 
Unmeasured Pins 


Returned to Vss 


SUPPLY CURRENT 
cad 
° 


+75 


AMBIENT TEMPERATURE ("C} 


DATA BUS CHARACTERISTIC 
DURING DBIN 


MAX 
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B080A 


* 


A.C. -CHARACTERISTICS 
Ta = oC to 70°C, Voo 2 412V + 5%, Vec = 45V t 5%, Vea = -5V t 5%, Vss = OV, Unless Otherwise Noted 


sya | Reames *d i 
tcy!3} | Clock Period 2; 
1,, ty Clock Rise and Fal! Time 5 | 0 


EZ oe 
a ve 
to2 ¢» Pulse Width 220 4 
a 
ee 
= 


Test Condition 


toy “Delay 4; to 43 | 0 
or [Deavertom CC 


1p3 Delay ¢, to 62 Leading Edges 


toa l2]_ | Address Output Delay From 2 bua 
top [2] | Data Output Delay From $5 | | 220 


toc (2) Signal Output Delay From ¢,, or 69 (SYNC, WR,WAIT, HLDA) 


tp, 1! Delay for Input Bus to Enter Input Mode ae 
tos} Data Setup Time During 6, and OBIN | 30 | 


O 
i 
eal 
oO 
= 
ao) 
~~ 


L = 


an ae 
A 


a= 
BOB BEBEEEEEEEE 
oO - 


[14] 
TIMING WAVEFORMS {Note: Timing measurements are made at the following reference voltages: CLOCK ‘1 = 8.0V 


“O" = 1.0V; INPUTS “1” = 3.3V, "0" = 0.8V; OUTPUTS “1” = 2.0V, “0” = 0.BV.) 


eel taw | 
. ‘oo —| tor [= toyle— too [ | 
aus nai om J : on| mal . ; 
a - 
D,-0 Ne so ee es om sm sien A 09 a Rae He et phat ~4 
7”“¢S . 
— | oss Ja— ; tow | 
SYNC ‘ ‘os2-—> | 
DBIN | 
WAR 
‘oe j 
=i yuo 
READY ; Oty @ 
: les sf ‘as | toc = 
WAIT . ty mf | : 4 
: toc —> er a 


now | “Yer _I 


KLOA 
= rt 
INT ytd { 
Us ——_ 
ty —e 
INTE 


-203- 


SO80A 


A.C. CHARACTERISTICS (Continued) - 
Ta = O°C to 70°C, Vpp = +12V t 5%, Vec = 45V 1 5%, Vag = -5V t 5%, Vog = OV, Unless Otherwise Noted 


tre (2) INTE Output Delay From 45 Ci = 90pf 
trs READY Setup Time During ¢2 

tus HOLD Setup Time to o2 

tys INT Setup Time During 92 (Ouring o; in Halt Mode) 

tH Hold Time From $2 (READY, INT, HOLD) 

trp Delay to Float During Hold (Address and Oata Bus) 


taw!2] | Address Stable Prior to WR 


tow!2l_ | Output Data Stable Prior to WR nsec 


— 
wud 


twol2]_ | Output Data Stable From WR 


twa!2]_ | Address Stable From WR C_= 100pf: Address, Data 


C.=50pf: WR, HLDA, DBIN 
tye l2] | HLDA to Float Delay 


twe (2) | WR to Float Delay 
tay {2} | Address Hold Time After DBIN During HLDA 


-_ 
wy Ld 
Read toot So 
—_ 
ad 
Oo 
CS 
=) 
=: 


NOTES: 
t. Data input should be enabled with OBIN status. No bus conflict can then occur and data hold time i$ assured, 
toH © 50ns of tor, whichever is tess. : 


2. Load Circuit. 
Cy +5V 


3. ty * 193 * teg2 * to2 * tte? + to? + tro > 480n1. = 
She TYPICAL 4 OUTPUT DELAY VS. 4 CAPACITANCE 
0,0, & a +20 
= 
SYNC z *10 
al 
| | | p-——+—+|| ar s 
, Oo 
OBIN > 
= 
a -10 
a 4 
wh 20 
‘oc -100 
READY 3 CAPACITANCE (pt) 
; (Creruar ~ Ssrac! 
HF 
WAIT 


4. The following area relevent when interfacing the BO80A to devices having Vuyz * 3.3V: 


a} Maximum output rise me from .8V to 3.3V = 100e1 @ C_ = SPEC. 
HOLO b) Output delay when measured to 3.0V = SPEC ¢60na O Cr © SPEC. 
c) tC, # SPEC, add Gns/pF if CL > Cgpec, subtract Ins/pF {from modified delay) if Cy < Cspec. 


S. taw* 2 tcy -tp4 -tr42 - 140nsec. 
HLOA - 6. tows Icy -tD3 -'¥02 ~)7Onsec. 
7. H not KLOA, two * twa ° 193 ¢ troz ¢10ns. tf HLDA, two? twa © twe.- 
8. tHF * tp3 * 32 -5Ons. 
ae ba . 9. twe © 1pg t Go? -10ns 
10. Oata in must be stable for this period during DBIN “Ty. Both tos, and tos? must be sausfied. 
11. Ready signal must be table for this pasiod during T7 of Tyy. (Must be externally tynchronrzed.) 
12. Hold signal must be statle tor thes period during 17 of Ty when entering hotd mode, and during 73,14, Ts, 
and Ty when in hold moda. (Eaterns! synchronization 1s NOL tequired.} 
13. Interrupt segnal must be stable during this period of the last clock cycle of any instruction in order to be 
recognized on the following instruction, (External synchronization is not required.t 
$4. This tanning diegram thows ming relavonsups only, t doet not represent eny epecitic machine cycle 


Oe a a al 


INTE 


~204- 


8SO80A 


INSTRUCTION SET 


The accumulator group instructions include arithmetic and 
fogical operators with direct, indirect, and immediate ad- 
dressing modes. 


Move, toad, and Store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 


The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte calf instruction) is useful for 
interrupt vector Operation. 


Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 


Data and Instruction Formats 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit, 


Input and output may be accomplished using memory ad- 
dresses as {/O ports or the directly addressed 1/O provided 
for in the 8080A instruction set. 


The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumutator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data in the 808DA is stored in the forrn of 8-bit binary integers. All data transfers to the system data bus will be in the 


same format. 


D7 Og DOs D4 Dy D2 Dy Do 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 


executed. 


One Byte Instructions 


[D7 Og Ds 04 03 02 D, Do] OP CODE 


Two Byte Instructions 


D7 Dg Os 04 03 Dy Dy Dg} OP CODE 


[ 0, Dg Os 04 03 02 D, Do | OPERANO 


Three Byte Instructions 


[0, Deg 05 Dg 03 D2 DO, Do | OP CODE 


ce Dg 05 D4 D3 D2 Dy Do | LOW ADDRESS OR OPERAND 1 


~ 


TYPICAL INSTRUCTIONS 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pap, enable or disable 
Interrupt instructions 


immediate mode or {/O instructions 


Jump, calf or direct load and store 
Instructions 


[0, Dg Ds Dy Dy D> D, Do | HIGH ADDRESS OR OPERAND 2 


For the BO80A a logic “1” is defined as a high level and a logic ‘’O" is defined as a low level. 
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INSTRUCTION SET 


Summary of Processor Instructions 


Instruction Codal't 


testruction Codel?t Ctock t71 Clock !?) 

Mraemonitt Oeseription 0, Og Ds, Oe 93 O07 0; Dg Cycies Mnamonie Orvseriptios DB; Dg Ds, 1D, D3 0; DB, Do Cyches 
MOV 1.1.7 Move ceqister to cequter 9 1 G@ oO 98 $ § § $ RZ Return on rero 11 60 6 4% @ 6 0 git 
MOV Ms «Move register 19 memory oO. 1 tt 0 §$ $ § } ANZ Return on no zero 11 0 60 0 ¢ 0 s/t 
MCVeM Move memory to regester 01 000 t # Q } AP - Return on poutive 1 7 1 t 0a 0 90 $/¥1 
HET Hatt o 1 71 t @© 4 1 Q ? Alu Retuen on minus 1 tt t t Q a 4 sl 
MVie Move immediate register o 0 0 0 0 1 t @ ? RPE Return on parity even 1t tt @ 1 0 0 0 $/11 
MVIM Move immedtate memory oo 7 t+ 0 4 4 9Q to RPO Return on parity odd 1 t 3 00 0 0 0 s/1t 
tNRe Increment requstes 0 0@ O00 1 0 9 $ AST Restart 1t A A At Dd) 11 
DCR Decrement cegister 00000 31 0 =1 5 IN trout t 4% 0 8 4% 0 Tf 4 10 
INA M Increment memory 0o 131 4 0 t 0 0 10 OUT Output 1 # 0 F 6 O 1 1 10 
OCR M Decrement memory 00 1 1 0 1 0 Ft 10 LXIB Load immediate requster oo 02 4 00 9 1 10 
AcOoOr Add reguter to A 10 60 0 80 $§$ §$ § 4 : Par B&C ‘ 
AGCr Add reguter to A with carry t @ @ @ t $ $ § 4 txi0 Load immedsate regester 00 0 1 060 0 4 6 10 
SUB re Subtract regester from A 16 oO 1F @ § §$ § 4 Par OBE 
S58Br Subtsact register from A t 0 0 41 1 § $ $ 4 Xi H Load ummediate register oo t 0o 0 0 1 10 

with borrow ParH&L 
ANAr And regster with A 1 0 + o @ § § § 4 txisP Load immediate stack Qointer OF 0 1 10 060 6 1 10 
KAAS Exctusive Or ceguter with A eg te ERS SS 4 PUSH B Push register Par B& Con 1 1 6 8 8 8 3 is 
ORAr Or seguster with A t+ @ Ft 1 060 8§5 § § 4 stack 
CMPr Compare regester with A ,o 1 F 1 §$ $ § 4 PUSHD  —s- Push register Pare 0 & E on t 1 0 1 0 i 8 1 11 
ADO M Add memory to A 1 o 09 O08 O0 1 1 =O ? stack 
ADCM Addmemory toAwithcarry 1 0 8 O FT F ft 0 ? PUSHH — Push register Parr H& Lon 11 t @ 0 4 O 3 tt 
SUB M Subtract memory trom A 10 0 1 0 1 1 0 7 stack 
$BBM Subtract memary from A 16 0 1 1 tf 4 0 ? PUSH PSW Push A and Flags +t 3 £ O F O 1 ub 

with borrow on stack 
ANAM And memory with A 1o f 0 0 1 4 0 ? POP B Pop register par B&C off 1t ooo0o0 90 1 10 
MRAM Exclusive OrmemorywithA 1 0 ' O F 1 1 0 ? stack ; 
ORAM Or memory with A 10 t+ t 0 1 1 @ ? POP D Pop register pair O & E off + + OO ft 0 GO 6 1 10 
CMP M Compare memory with A 1o f FF t F 1 =°0 } stack 
ADl Add immediate to A 11 90 0 0 ft 1:0 ? POP H Pop register par H & L off 1+ 1 F 9 OO GC 1 10 
ACI Add wmmediate to A with 1t @ 0 F 4 8 0 ? stack ; . ; 

carry POP PSW Pap A and Flags 11 4 t O G 8 1 10 
$Ul Subtract ummediate from A t+ | @ 1 O09 1 ff QO ? off stack 
$8l Subtract immediate from A 1 t+ 9 F F FT T OQ ? STA Store A direct oo Ff 10 0 1 98 13 

with borrow LOA Load A diect oo 1 t 1 0 171 #0 13 
ANI - And immediate with A »’ 1 0 86 1 1 O ? XCHG Exchange D&E H&L 1 t + OO F O@ 4 1 a 
XAl Exclusive Or smmediate with ; 4b O 1 4 T F ? Registers 

A XTHL Exchange top of stack HAL 1 t t QO @ O 1 1 18 
ORI Or immediate with A ' 1; 1 60 4 ¢ O 7 SPHL H & 1 to stack pointer 14 1 1 1 O08 OO 1 5 
CPi Compare immediate with A 1% F FD Ft £ FT @ 7 PCHL H&L to program counter 1s F @ FO DO 1 5 
RUC Rotate A lett oo 0 9 0 1 1 1 4 DADB ASCBECIOHEL oo 0 01 0 0 1 10 
AAC Rotate A right oo 0 0 } 1 15 4 DAD D ASIDREIOHBL 00 0 1 1 GO) 10 
RAL Rotate A left through carry oo 0 1 6 1 1 1 4 OAD H AddHESLIOHSL 00 t+ © 1+ 6 0 1 10 
RAR Rotate A right through 60 @ tf ft 1 41 4 DADSP = Add stack pornter to H&L 60 F 1 8 0 0 1 10 

tarry STAXB Store A indirect 00 6 000 1 9 7 
JMP dump unconditional ’oroo oo at 1 10 STAXD Store Aundiwect 00 0 1 00 1 9 7 
ic Jump on carry to ' + BO Ft 6 10 LOAXB ~— Load A indsrect 00 00 10 t-0 ? 
SKC Sump on no carry 1 t+ O© 4 80 9 1 8 10 LDAXD — Load A indirect o. 0 0 ¥ 1 0 1 D ? 
5 4 Jump on zero t + 6 @ 1 0 f O 10 INXB increment B & C ceguszers oo 600060¢ 90 1 1 5 
IN2Z Jump an no zero 11 6 0 6 8 1 @ 10 iNXO Increment O & € registers oo @ 1 0 0 1 1 5 
? Jump on positive 1h § 4 GO D9 Ft 8 19 1NX H increment H & L cegisters 00 1) 8 0 @ 1 1 5 
iM dump on minus »rov t too ft 0 0 INX SP Increment stack pomnter oo t 10060 1°15 5 
JPE Jump on parity even 'ror oto 0 10 OCX 8B Decrement B &C 60°00 0 1 6 1 1 5 
370 Jump on parity odd 1 Fy ¥ 2 G6 0 1 9 10 DCX D Decrement O&E 00 0 + 1 @ wt (8 
CALL Catt unconditional '' @ 0 tf oO 1 OCXH Decrement H&L 00 1 0 1 017 1 5 
cc Call on carry ri 0 F 4 F O O Wy OCXSP = Oecrement stack poster 00 * 1 16 1 1 s 
Cnc Cail on no catty + 41 8 1 80 4 8 8 Vit} CMA Complement A | re a 4 
t2 Calt on zero 1 1 oO 68 F F 0 9 Wa? STC Set carry oo t t OF 4 1 4 
C2 Call on no zero 1 ' 0 0 0 4 2 8 V0? CMC Complement carry 00 1 t 4 F 4 FT 4 
t? Call on pone +t + 4 8 FF 8 8D AM/7 DAA Decomal edjust A | 4 
cu Call on minus '1yea4it 43 4 0 9 Vs? SHLO Store H&L direct 06 t 00 0 3 0 16 
cPe Call on parity even 17 1 @ 8 t+ 8 O Vi/3? LHLO Load HB t direct oo t O@ 1 6 ft 9 16 
cro Call on parry odd ; ' t£ 09 O@ 4 O 9D tT €1 Enadie interrupts 4 ' F F $$ O 8 9 4 
AET Return +t @ @ F O O Ff 10 ot Disadle intesrupt 11 t| + O© GO 1 ft 4 
Ac Return on carry 1?t 0 + + 0 O 8B 5/11 NOP No operation 60 6 06U00lUlUCOlCUCOOlCUOlCO a 
RKC Return on ag carry + to ta40 090 Sus 
NOTES: 1. DOD of SSS ~ 000 6 - 001 C — O10 D ~ OF1 E - 100 H -- 103 L — 110 Memory — 113 A. 


2. Two possible cycte times, (5/11) indicate instruction cycles dependant on condition flags. 


-206- 


8008/ 8008-1 
EIGHT-BIT MICROPROCESSOR 


® Instruction Cycle Time — m 48 Instructions, Data 
12.5 1s with 8008-1 or 20 js Oriented 
with 8008 
& Address stack contains 
w Directly addresses 16K x 8 eight 14-bit registers 
bits of memory (RAM, ROM, o ‘(including program counter) 
or S.R.) ; which permit nesting of 
subroutines up to seven 
# Interrupt Capability levels 


The 8008 is a single chip MOS 8-bit parallel central processor unit for the MCS-8 microcomputer system. 


This CPU contains six 8-bit data registers, an 8-bit accumulator, two 8-bit temporary registers, four flag bits (carry, zero, sign, 
parity), and an 8-bit parallel binary arithmetic unit which implements addition, subtraction, and logical operations. A memory 
stack containing a 14-bit program counter and seven 14-bit words is used internally to store program and subroutine addresses. 
The 14-bit address permits the direct addressing of 16K words of memory (any mix of RAM, ROM or S.R.). 


The instruction set of the 8008 consists of 48 instructions including data manipulation, binary arithmetic, and jump to sub- 
routine. 

The norma! program flow of the 8008 may be interrupted through the use of the INTERRUPT control line. This allows the 
servicing of slow 1/O peripheral devices while also executing the main program. 

The READY command line synchronizes the 8008 to the memory cycle allowing any type or speed of semiconductor memory 
to be used. 


8008 CPU 
Block Diagram 0, -0, Bro erreuat 


DATA BUS 
BUFFER 
‘ 817} 


(8 BIT) (8 &) 
INTERNAL OATA BUS - I INTERNAL DATA BUS 


| ACCUMULATOR | 
MULTIPLEXER 
8 


— 


PROGRAM COUNTER 
(14) 
LEVELNO.1 1, 


TEMP, REG. INSTRUCTION 
a. (a) REGISTER tm 


TEMP. REG. 
b. ie) 


FLAG 
FLIP-FLOPS J 


REGISTER SELECT 


INSTRUCTION : 
DECOUER LEVEL NO.2 4, 
AND 
MACHINE 
CvCLE LEVEL NO. 44, 


ENCODING 


ADORESS 
STACK 


STACK POINTER 


SCHATCH 
PAD 


TIMING 
AND 
CONTHOL 


POWE H ——e -9Y 


* 


STATUS INT AFADY SYNC CLOCKS 


| | 


$0 S1 $2 INT HEADY = S¥NC 03 62 
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8008, 8008-1 


8008 FUNCTIONAL PIN DESCRIPTION 


INTERRUPT 


Oo 7 YW OM WF & WN w 
?) 
wv 
< 
< 
n 


Do-D7 

BI-DIRECTIONAL DATA BUS. All address and 
data communiczzion between the processor and the 
program meérrory, data memory, and 1/O devices 
occurs on these 8 lines. Cycle control information 
is also-avatlabie. 


INT 


INTERRUPT irnout. A logic 1” level at this input 
causes the processor to enter the INTERRUPT 
mode. 


READY 


READY input. This command line is used to syn- 
chronize the 8008 to the memory cycle allowing 
any speed memory to be used. 


SYNC 


SYNC output. Synchronization signal generated by 
the processor. it indicates the beginning of a ma- 
chine cycle. 


?4 s o> 
Two phase clock inputs. 
So, $4, $2 


MACHINE STATE OUTPUTS. The processor con- 
trols the use of the data bus and determines whether 
it will be sending or receiving data. State signals 
So, 51, and Sg, along with SYNC inform the pe- 
ripheral circuitry of the state of the processor. 


Vec +5V +5% 
Vop -9V +5% 
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8008, 8008-1 


BASIC INSTRUCTION SET 
Data and Instruction Formats . ] 


Data in the 8008 is stored in the form of 8 bit binary integers. All data transfers to the system data bus will be 


in the same format. 
[o; Og Dg 04 04 D2 0, Oo | 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory, The instruction formats then depend on the particular operation 
executed, , | 


One Byte Institue tons TYPICAL INSTRUCTIONS 


Regiuter to eegittes, memory retorence 
QO, 0, O, OG, 0, 6, 6, & 
Eee oe ee VO OP CODE HO anthmete of logical, ro1ate or 


Two Byte Insiructions SETME RODE ME ONE 


Dy, Og Og 0, Dy Oy D, Op OP CODE 


O, Og Oc. O, D0, 04 0, O 
¥ Og Ya Og By U2 YF OQ OFPERAND teiemediate mode anieuctions 


Tivee Byte Instructions 


Oy Dg Og 04 040, 0, On| ae coor ws 
- MP A ‘ 
Dy, Og Os O, Oy OF 0, Oy LOW ADDRESS , JUMP of CALL engiructions 
x Xx Os oO, D4 05 do; Oo] MIGM ADDRESS’ "For the trerd byte of this sastruction, O¢ and 0; are “dean's are’ bus. 


Th 
For the MCS-8 a logic “1° is defined as a high level and a logic ‘’Q” is defined as.a low level. 


index Register instructions 
The toad instructions do not affect the flag flip-flops. The increment and decrement instructions affect all flip- 
flops except the carry. . ‘i 

MINIMUM INSTRUCTION CODE 
STATES 0,0, 060,03; 020,04 
REQUIRED 


MNEMONIC OESCRIPTION OF OPERATION 


Load index register ry with the content of index register £2. 


Load mndex register « with the content of memory registers M, 


(MM MOovegy.eg 


Load memory regster M with the content of index regisrer fr, 
a 


© [wk aw! oe 


Load index register r with data BB, .. 


8. 
Load memory register M with dataB... B. ; 


lacrernent the content of index reguiter rs tr # AD. 
Decrement the content of index register ¢ tr # A), 


co 


w 

3 

< 

wo 

COND CO] Of —] —-j 
Olo;a ~19 Of|-| oC; o 
Ol19O|/2@ -18e OF =i 010 
CLO;ae -|92 Of—1c10 
S)Oj|D -)DW —]| MH] —) mH 
OVSOID w~loO @~ Al a) Ww 


°o 
°o 


s 
1 
S 
8) 
8 
0 
6 
0 
1 


oO 


Accumulator Group Instructions 
The result of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop. 


Add the content of inden register ¢, memory register M, or data 
B...B8 to the accumulator, An overflow {carry} sets the catty 
thp-Hop, 


Add the content of index register fF, memory register M, ar data 
B...8 trom the accumutaior with carry. AN overtiow tearry} 


sets the carry thp-flap. 


Subdircact the content of index register #, Memory register M, oF 
dateB ...B trom the accumutator, An underflow (borrow) 


tels the carry fiip-flop, 


-~i@ olewiala ofetelm ofa}— 
oOlm Cloclola ofololea clolo 
olw oloclola oloito!na ololo 
~lm a=lemiaio olfololm ojolo 
~[m ofolola =|~l~ia olfoleo 
wig alelaio ataiulig alalu 
wl@ ol=-l[ulo ol-tula olalu 
“lia ole[ul[o olelula olalun 


Subtract the content of inden register t, mensory regetter MOF Gate 
data 8... 8 trom the accumuletor with borrow, An underflow 


ry 
— 


borrow) sets the carry Hip-Hop. 


@o © 
2 oOo 
© 
-_ 
o 
o 


6 8 B 8 B B 
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8008, 8008-1 


BASIC INSTRUCTION SET 


MINIMUM 
STATES DESCRIPTION OF OPERATION 


Compute the loqa al AND of the content of index requstes rc, 
memory reguter Mor data BL. | 8 with the accumulator. 


Compute the EXCLUSIVE OR of the content of inden regiuter 
6, Memory register M, or data B . . . B with the accumulator, 


Compute the INCLUSIVE OR of the content of index regester 
tf, Memory regiuter m, or data 8... B with the accumulator. 


Compare the content of index register 6, memory register M, 
or data 8... B with the accumulator. The content of the 
accumutator 1$ unchanged. 


Rotate the content of the accumutator left, 


Rotate the content of the accumulator right. 
Rotate the content of the accumulator teft through the carry. 


Rotate the content of the accumulator right through the carry. 


1S) Nc sN2, Jump to memory address 83... 8382... 82 if the condition 
° flip-flop is false. Otherwise, execute the next in*t+uction in sequence. 


Jump to memory address 83...86389... B20 the cordition 
ttip-ffop is true. Otherwise, execute the nent instructicn in sequence, 


Unconditionally call the subroutine at memory address 83... 
B38... 82. Save the current address (up one level in the stack). 


CNC, CNZ, Call the subroutine at memory address B3...B382...B 2 if the - 
cP. cPO condition flip-flop is false, and save the current address (up one 
tevel in the stack.) Otherwise, execute the next instruction in sequence. 


cc, cz, Ca)! the subroutine at memory address 83... .8382... Bo if the 
cM, CPE condition Hip-flop es true, and save the current address (uo one 
tevel in the stack). Otherwise, execute the next instruction in sequence. 


Unconditronally return (down one level in the stack). 


ANC, RNZ, : Return (down one level in the stack) if the condition flip-Hop is 
fatse. Otherwise, execute the next snstruction in sequence, 
Return (down one level in the stack) i! the condition flip-flop is 
true, Otherwise, execute the next instruction in sequence, 


Call the subroutine at memory address AAAOOO (up ane level in the stack). 


Read the content of the selected input port (MMM) into the 


accumulator. 
Write the content of the accumulator into the selected output 
port (RRMMM_ AR # OO}. 


Machine [nstruction 


i a ae Oo Oo o 00 OO Xf Enter the STOPPED state and remain there until interrupted, 
1 1 1 t 4 | ee ee | 


NOTES 
(tt SSS - Source Indes Heqister “} These registers, «,, are designated Alaccumutator - 000), 
OOD : Destination tndea Regster B1001}. CIO1O), Ofori, E100), H(109), LI110). 


iz Memory regnters are adureswed by the contents of requters H&L. 

oe Additional betes of instruction are devignated by BHULBAABSH. 

(4) xX - “Don't Care”. 

(Si) Flag (hp-foms are detined By CaCy carry (00 overtiow of undertlowl, sero (Ol-regult os zero, sign 130 MSB of result sg 1"), 
parity (Ul party 1 event, 
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8008, 8008-1 


ABSOLUTE MAXIMUM RATINGS® 


Ambient Temperature 
Under Bras 


Storage Temperature 


. O°C to #70°C 
~55°C to +150°C 


Input Voltages and Supply 
Voltage With Respect 
to Ver 


Power Dissipation 


40.5 to —20V 
1.0 W @ 25°C 


"COMMENT 


Stresses above those listed under “Absolute Max- 
imum Ratings” may cause permanent damage to 
the device. This is a stress rating only and func- 
tional operation of the device at these or any other 
condition above those indicated in the operational 
sections of this specificatean is not implied. 


D.C. AND OPERATING CHARACTERISTICS 


T, = O°C to 70°C, Veg © #5V £5%, Vog 7 -9V £5% unless otherwise specified. Logic “1° is defined 
as the more positive level {V,,,, Vo, }. Logic “O" is defined as the more negative level (V, . Vo, ). 


V i 
Vf ty 
Cc, 


PARAMETER 


AVERAGE SUPPLY CURRENT- 
OUTPUTS LOADED” 


INPUT LOW VOLTAGE 


(INCLUDING CLOCKS} 


INPUT HIGH VOLTAGE 


(INCLUDING CLOCKS) *Measurements are made while 


the 8008 is executing a typical 
sequence of instructions. The 
test load is selected such that 
at Vot = 0.4V, lot? 0.44mMmA 
on each output. 


A.C. CHARACTERISTICS . 
Ta = O°C to 70°C; Veg = +5V £5%, Von = —9V 45%. All measurements are referenced to 1.5V levels. 


| 
wa | wn. [wa 
ca 


SYMBOL PARAMETER 


CLOCK PERIOD 

CLOCK RISE AND FALL TIMES 
PULSE WIDTH OF ¢, 

PULSE WIDTH OF ¢5 


CLOCK DELAY FROM FALLING 
EDGE OF $, TO FALLING EDGE 


tey 


70 


OF $. 


CLOCK DELAY FROM ¢,T0¢, 


CLOCK DELAY FROM ¢, TO ¢, 
DATA OUT DELAY 
HOLD TIME FOR DATA BUS OUT 


HOLD TIME FOR DATA IN 


SYNC OUT DELAY 
STATE OUT DELAY {ALL STATES 


EXCEPT T1 AND T11)!?! 


STATE OUT DELAY (STATES 
T1 AND T11) 


PULSE WIDTH OF READY DURING | .35 
O57 TO ENTER T3 STATE 


READY DELAY TO ENTER WAIT 20 
[STATE 
a ee MIN 2 Iso $24 Wi the INTERRUPT is not Used, oll states have the same output delay, ts. 
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TIMING DIAGRAM 


sa —*p2 te 133 
Hy O17 
oO; 
~o] toy 
re 
SYNC . 
menbene = ee ee a 
=— a ee ~~ 
: DATA iN 
OATA BUS —— ew om oe om ou oe om of! [= te — oo oF on ae 
LINES 
(0, ...Q)} ~~ ee ee es oe pu ad) =o oe oe oe oy (i ow 
ADDRESS OUT DATA OUT 
‘00 ——>| —ei ton [== So=— ——| ton 


So 


$, ts3 ——o 
STATE 


(t! 
_ ape 
— 


Notes: 1. READY tine must be at ‘'0” prior to $99 of T2 to guarantee entry, into the WAIT state. 
2. INTERRUPT line must not change levels within 200 ns (max.) of falling edge of $4. 


TYPICAL D.C. CHARACTERISTICS 


POWER SUPPLY CURRENT OUTPUT SINKING CURRENT : OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 


VS. TEMPERATURE VS. TEMPERATURE . 


8 8 | 
; 
: 5 E. 
2 : § 
» : = 
a 
« ? ; ? 
5 3 
* tg cd Bs] a ba 0 "nu oo 
MMOBIENT TEMFTR ATURE (°C) AMAIEMT TEMPERATUAE IC) OuTPuT VOLTAOCL IVI, Von 


TYPICAL A.C, CHARACTERISTICS 


DATA OUT DELAY VS. 
OUTPUT LOAD CAPACITANCE 


CAPACITANCE f= 1MHz;T, = 25°C: Unmeasured Pins Grounded 


SYMBOL 


LIMIT (pF) 


piesa 


INPUT CAPACITANCE — 


DATA BUS 1/0 CAPACITANCE 
OUTPUT CAPACITANCE 


+] - eet vt taal aad —s 


Dale Ma Cas aritan | igtt fos 
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 Am2901 


Four-Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 


@ Two-address architecture — 
Independent simultaneous access to two working 
registers saves machine cycles. 7 

@ Ejight-function ALU — : 

Performs addition, two subtraction operations, and 
five logic functions on two source operands. 

@ Flexible data source selection — . 

ALU data is selected from five source ports for a 
total of 203 source operand pairs for every ALU 
function. 

@® Left/right shift independent of ALU — 

Add and shift operations take only one cycle. 

@ Four status flags — 

Carry, overflow, zero, and negative. 

@ Expandable — 

Connect any number of Am2901's together for longer 
word lengths. 

@ Microprogrammabie — 

Three groups of three bits each for source operand, 

ALU function, and destination control. 
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GENERAL DESCRIPTION 


The four-bit bipolar microprocessor slice is designed as a 
high-speed cascadable element intended for use in CPU's, 
peripheral controllers, programmable microprocessors and 
numerous other applications. The microinstruction flexibi- 
lity of the Am2901 witl allow efficient emulation of almost 
any digital computing machine. 


The device, as shown in the block diagram below, consists 
of a 16-word by 4-bit two-port RAM, a high-speed ALU, 
and the associated shifting, decoding and multiplexing 
circuitry. The nine-bit microinstruction word is organized 
into three groups of three bits each and selects the ALU 
source operands, the ALU function, and the ALU destina- 
tion register. The microprocessor is cascadable with full 
look-ahead or with ripple carry, has three-state outputs, and 
provides various status flag outputs from the ALU. Ad- 
vanced low-power Schottky processing is used to fabricate . 
this 40-lead LSI chip. 


MICROPROCESSOR SLICE BLOCK DIAGRAM 


OUSTINATION 
CONTRO 


: MICROINSTRUCTION GECOOE 


c10cK 
A’ (READ? ; 
- 
ADOAESS asics 
nam 
= 18 ADORESSABLE REGISTERS 
(READ WAITED 
ADOALSS 


©. 
o a & # 9 
MU DATA SOURCE 
S2L5CTOR 
a a 
4 
6 
Case 
, (BiGns 
Ovaani tat 
—e- - + oOo 


pimact 


CAAAY tH 


-214- 


ARCHITECTURE 


A detailed block diagram of the bipolar microprogrammabie 
microprocessor structure is shown in Figure §. The circuit is a 
four-bit slice cascadable to any number of bits. Therefore, alt 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4-bit 
2-port RAM and the high-speed ALU. 


Data in any of the 16 words of the Random Access Memory 
(RAM} can be read from the A-port of the RAM as controlled by 
the 4-bit A address field input. Likewise, data in any of the 16 
words of the RAM as defined by the B address field input can be 
simultaneously read from the B-port of the RAM. The same code 
can be applied to the Aselect field and B select field in which case 
the identical file data will appear at both the RAM A-port and 
B-port outputs simultaneously. . 


When enabled by the RAM write enable (RAM EN}, new data is 
always written into the file (word) defined by the B address field 
of the RAM. The RAM data input fietd is driven by a 3-input 
multiplexer. This configuration is used to shift the ALU output 
data (F) if desired. This three-input multiplexer scheme allows the 
data to be shifted up one bit position, shifted down one bit posi- 
tion, or not shifted in either direction. 


The RAM A-port data outputs and RAM 8-portr data outputs 
drive separate 4-bit latches. These tatches hold the RAM data 
while the clock input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM. ; 


The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit input 
words R and S. The R input field is driven from a 2-input multi- 
plexer, while the S input field is driven from a 3-input multi- 
plexer. Both multiplexers also have an inhibit capability; that is, 
no data is passed. This is equivalent to a ‘’zero’’ source operand. 


Referring to Figure 1, the ALU R-input multiplexer has the RAM 
. A-port and the direct data inputs (0). connected as inputs, Like- 


wise, the ALU S-input multiplexer has the RAM A-port, the © 


RAM B-port and the OQ register connected as inputs. 


This multiplexer scheme gives the capability of selecting various 
pairs of the A, B, 0, Q and “0” inputs as source operands to the 
ALU. These five inputs, when taken two at a time, result in ten 
Possible combinations of source operand pairs. These combin- 
ations include AB, AD, AQ, AO, BD, BQO, BO, DO, DO and QO. 
It is apparent that AD, AQ and AO are somewhat redundant with 
8D, BC and BO in that if the A address and B address are the 
same, the identical function results. Thus, there are only seven 
completely non-redundant source operand pairs for the ALU. 
The Am2901 microprocessor implements eight of these pairs. 
The microinstruction inputs used to select the ALU source 
Operands are the Io, 14, and !2 inputs. The definition of tg, 14, 
and 15 for the eight source operand combinations are as shown in 
Figure 2. Also shown is the octal code for each selection. 


The two source operands not fully described as yet are the D in- 
Put and QO input. The O input is the four-bit wide direct data 
field input. This port is used to insert all data into the working 
registers inside the device. Likewise, this input can be used in the 
ALU to modify any of the internal data files. The Q register isa 
separate 4-bit file intended primarily for multiplication and 
division routines but it can also be used as an accumulator or 
holding register for some applications. 


The ALU itseff is a high-speed arithmetic/logic operator capable 
of performing three binary arithmetic and five fogic functions. 
The {3, ig, and ig microinstruction inputs are used to select the 


ALU function, The definition of these inputs is shown in Figure 3. 
The octal code is also shown for reference. The normal technique 
for cascading the ALU of several devices is in a look-ahead carry 
mode, Carry generate, G, and carry propagate, P, are outputs of 
the device for use with a carry-look-ahead-generator such as the 
Am2902 (‘182). A carry-out, C44, is also generated and ts avail- 
able as an output for use as the carry flag in a status register. Both 
carry-in (C,,) and carry-out (C,,4q) are active HIGH, 


The ALU has three other status-oriented outputs. These are F4, 
F = 0, and overflow (OVR). The F3 output is the most significant 
{sign} bit of the ALU and can be used to determine positive or 
negative results without enabling the three-state data outputs. 
F3 is non-inverted with respect to the sign bit output ¥3. The 
F = 0 output Is used for zero detect. It is an open-collector out- 
put and can be wire OR’ed between microprocessor slices. F = 0 
is HIGH when all F outputs are LOW. The overflow output (OVR) 
is used to flag arithmetic operations that exceed the available 
two’s complement number range. The overflow output (OVR) 
is HIGH when overflow exists. That is, when C43 and C44 are 
not the same polarity. 


The ALU data output is routed to several destinations. It can be a 
data output of the device and it can also be stored in the RAM or 
the Q register, Eight possible combinations of ALU destination 
functions are available as defined by the Ig, I7, and tg micro- 
instruction inputs. These combinations are shown in Figure 4. 


The four-bit data output field (Y) features three-state outputs and 
can be directly bus organized, An output contro! (OE) is used to 
enable the three-state outputs. When OE is HIGH, the Y outputs 
are in the high-impedance state. 


A two-input multiplexer is also used at the data output such that 
either the A-port of the RAMor the ALU outputs (F) are selected 
at the device Y outputs. This selection is controlled by the tg, 7, 
and Ig microinstruction inputs. Refer to Figure 4 for the selected 
output for each microinstruction code combination. 


As was discussed previously, the RAM inputs are driven from a 
three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted down 
one position (+2). The shifter has two ports; one is labeled RAMg 
and the other is labeled RAM3. Both of these ports consist of a 
buffer-driver with a three-state output and an input to the multi- 
plexer, Thus, in the shift up mode, the RAM buffer is enabled 
and the RAMy multiplexer input is enabled. Likewise, in the shift 
down mode, the RAMg buffer and RAM3 input are enabled. In 
the no-shift mode, both buffers are in the high-impedance state 
and the multiplexer inputs are not selected. This shifter is con- 
trolied from the Ig, [7 and [g microinstruction inputs as defined 
in Figure 4, 


Similarly, the O register is driven from a 3-input multiplexer. Jn 
the no-shift mode, the multiplexer enters the ALU data into the 
QO register. In either the shift-up or shift-down mode, the multi- 
plexer selects the Q register data appropriately shifted up or 
down. The QO shifter afso has two ports; one is labeled Qg and the 
other is Q3. The operation of these two ports is similar to the 
RAM shifter and is also controiled from Ig, t7, and tg as shown 
in Figure 4. 


The clock input to the Am2901 controls the RAM, the QO register, 
and the A and B data Jatches. When enabled, data is clocked into 
the Q register on the LOW-to-HIGH transition of the clock. When 
the clock input is HIGH, the A and B latches are open and will 
pass whatever data is present at the RAM outputs. When the 
clock input is LOW, the latches are closed and will retain the 
jast data entered. If the RAM-EN is enabled, new data will be 
written into the RAM file (word) defined by the B address field 
when the clock input is LOW. 
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Figure 1, Detailed Am2901 Microprocessor Block Diagram 


ll 


Note: LS8 is numbered ‘'0"': MSB is numbered “3 
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ALU SOURCE 
MICRO COOE OPERANDS | MICRO CODE 
Octal 
Code 
Figure 2. ALU Source Operand Control. ' Figure 3. ALU Function Control. 


RAM Q-REG. 
MICRO CODE FUNCTIO FUNCTION Y 


N 
; Load 


ALU 
Function 


R Pius S 

5 MinuaR 

Ai Minus § 
RORS 
RANDS 
RANDS | 
RAEX-ORS 
REX-NOR S$ 


Trrrreere 
XSrrewrere 
Zrerriereririer 
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OOoOrrero2o 
ZTrrrerre 
Trerrrwrrescr 
zereszeirer 


“ 
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nD 
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“A 
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X= Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high- 
impedance state. 

B= Register Addressed by 6 inputs. 

Up is toward MSB, Down is toward LSB. 


Figure 4. ALU Destination Control. 


A+B A O+A D+O O 
A+Qel A+B+1 Att D+A41 0+0+1 O+t 
Q-A~1 6-A—1 A-D-1 Q-D-~1 
S Minus R 
Q-A B-A 6 A-O Q-0 
A-Q-1 A-86-1 O-A-1 0-Q-1 
R Minus $ 
A~-Q A-B D-A D-~O 


¢@ Pius: ~ « Minus: V2 OR: A @~ AND: y © EX-OR 
Figure 5. Source Operand and ALU Function Matrix. 
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SOURCE OPERANDS AND ALU FUNCTIONS 


There are eight source operand pairs available to the ALU as 
selected by the Ig, 14, and Io instruction inputs. The ALU can 
perform eight functions; five fogic and three arithmetic. The 
t5, Ig, and Is instruction inputs control this function selection. 
The carry input, Cy, also affects the ALU results when in the 
arithmetic mode. The Cy input has no effect in the logic mode. 
When Io through Is and Cy, are viewed together, the matrix of 


Octal 
i543. !210 


| roe | 


INVERT 


ceee]ooee lores es 


Figure G6. ALU Logic Mode Functions. 
(Cr Irrelevant) 


Figure 5 results. This matrix fully defines the ALU/source 
operand function for each state. : 


The ALU functions can also be examined on a “task” basis, 
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the 
carry will affect the function performed while in the logic 
mode, the carry will have no bearing on the ALU output. 
Figure 6 defines the various logic operations that the Am2901 
can perform and Figure 7 shows the arithmetic functions of 
the device. Both carry-in LOW (Cy = 0) and carry-in HIGH 
. (Cy = 1) are defined in these opcrations. 


Octal 
1543. !210 


oo 0° 9° 
© 


Decrement 


1 
5 
6 
0 2 
0 3 
04 
07 
2 
3 
4 
7: 


(Negate) 


stefiecs 


ome oan? oO}; nN AWAD 


Subtract 
(2’s Comp) 


Subtract 
{1’s Comp) 


NW AD AD AS ae ot ot et 
ae oi Shs Gs 6 
Ormaogocr> 
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Figure 7. ALU Arithmetic Mode Functions. 
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LOGIC FUNCTIONS FOR G, P, Ca44, AND OVR Definitions (+ = OR) 


The four signals G, P, Ca+4, and OVR are designed to indicate Pos Ro + So Go * RoSo 

carry and overflow conditions when the Am2901 js in the add Py = Ry + Sy Gy; 7 RyS, 

or subtract mode. The table below indicates the logic equations Po = Ro +So Go = R2So 

for these four signats for cach of the eight ALU functions, The P3 = Ry +S; G3 = R33 

R and S inputs are the two inputs selected according to 

Boies | : Cq = G3 + P3Gz + P3P2Gy + P3P2PiGo + PyP2P4PoCh 


C3 = G2 + P2G, + P2PyGo + PoPyPQCy 


G3 + P3G2 + P3P2Gy + P3P2P1Go 


Same as R + S equations, but substitute R; for Rj in definitions 


Same as R + S equations, but substitute Sj for Sj in definitions 


P3P2P Po : P3PaPyPg + Cy P3PoPyPy + Cy 


ET ‘ 


G3 + G2+G;,+Go G3 +Go+G,+Go+C, G3 +Go+G;,+Gog+Cy 
Same as RAS equations, but substitute Rj for Rj in definitions 


Same as RV S, but substitute R; for Rj in definitions 


Note: [Pz +G2P1+G2Gy Po +G2G1 Gop} ¥ [Pa +GaP2 +G3GoP, + G3G2G Po +G3G9G,; GgCp] += OR 


Figure 8, 


PACKAGE OUTLINE 


40-Pin Ceramic (Side Brazed} 42-Pin Flat Package 


Seas ra 


O50 * 20°C/W 
(MtL-STO-883, 
Method 1012, C2) 


~ }—- SHOULOER WiDTM 0552 015 


100 
VrPiar O70 MAX 110 THICKNESS 


MAT eeeeseeenueneeenes: olf 
PERRET eee 4 010 003 
2007 010 Oisun, [2 e007 018 of 


SEATEO HEIGHT 2730 MAX. 


Osc @ 25°C/W 


Figure 9. 
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METALLIZATION AND PAD LAYOUT 
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DIE SIZE 0.167" x 0.198” Note: 


CONNECTION DIAGRAM 
Top Viow 
~ pip 


Pin 1 is marked for orientation. 


Figure 10. 


PIN DEFINITIONS 


lo-s 


RAM3 


The four address inputs to the register stack used to 
select one register whose contents are displayed 
through the A-port. 


The four address inputs to the register stack used to 
select one register whose contents are displayed 
through the 8-port and into which new data can be 
written when the clock goes LOW. 


The nine instruction contro! tines to the Am2901, 
used to determine what data sources will be applied 
to the ALU (Ig12), what function the ALU will 
perform (1345), and what data is to be deposited in 
the Q-register or the register stack (Ig7g). 


A shift line at the MSB of the Q register (Q3) and the 
register stack (RAM3). Electrically these lines are 
three-state outputs connected to TTL inputs interna! 
to the Am2901. When the destination code on |g7g 
indicates an up shift (octal 6 or 7) the three-state out- 
puts are enabled and the MSB of the Q register is 
available on the Q3 pin and the MSB of the ALU out- 
put is available on the RAM3 pin. Otherwise, the 
three-state outputs are OFF (high-impedance) and the 
pins are electrically LS-TTL inputs. When the desti- 
nation code calls for a down shift, the pins are used 
as the data inputs to the MSB of the Q register 
(octal 4) and RAM {octal 4 or 5). 


Shift tines like Q3 and RAN3, but at the LSB of the 
Q-register and RAM. These pins are tied to the Q3 
and RAM3 pins of the adjacent device to transfer 
data between devices for up and down shifts of the 
O register and ALU data. 


Direct data inputs. A four-bit data field which may 
be selected as one of the ALU data sources for 
entering data into the Am2901. Dg is the LSB. 


Yo-3 


OVR 


Cn+4 
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FLAT PACK CONNECTIONS 
Top View 


Note: Both grounds (pins 12 and 27) 
must be connected, 


The four data outputs of the Am2901. These are 
three-state output tines. When enabled, they display 
either the four outputs of the ALU or the data on the 
A-port of the register stack, as determined by the 
destination code Ig7g. 


Output Enable. When OE is HIGH, the Y outputs 
are OFF; when OE is LOW, the Y outputs are active 
(HIGH or LOW). 


The carry generate and propagate outputs of the 
Am2901’s ALU. These signals are used with the 
Am2902 for carry-lookahead. See Figure 8 for the 
logic equations. 


Overflow. This pin is logically the Exclusive-OR of 
the. carry-in and carry-out of the MSB of the ALU. 
At the most significant end of the word, this pin 
indicates that the result of an arithmetic two's com- 
plement operation has overflowed into the sign-bit. 
See Figure 8 for logic equation. 


This is an open collector output which goes HIGH 
(OFF) if the data on the four ALU outputs Fo.3 
are afl LOW. In positive logic, it indicates the result 
of an ALU operation is zero. 


The carry-in to the Am2901’s ALU. 


The carry-out of the Am2901’s ALU. See Figure 8 
for equations. 


The clock to the Am2901. The Q register and register 
stack outputs change on the clock LOW-to-HIGH 
transition. The clock LOW time is internally the 
write enable to the 16 x 4 RAM which comprises the 
“master” latches of the register stack. While the clock 
is LOW, the “‘slave’” latches on the RAM outputs are 
closed, storing the data previously on the RAM 
outputs. This allows synchronous master-slave opcra- 
tion of the register stack, 


MAXIMUM RATINGS (Above which the usefut life may be impaired} 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Po 
OC Voltage Applied to Outpu 
DC Input Voltage 


tential 


ts for HIGH Output State 


~65°C to +150°C 
~55'C to #125°C 
-0.5V10+6.3V 
—0.5 V ta *Vc¢ max. 


-0.5V 10 +5.5V 


DC Output Current, Into Outputs 


30 mA 


DC Input Current 


—30 mA to +§.0 mA 


Centrifuge 


Pre-Seal Visual Inspection 


OPERATING RANGE 
P/N Ambient Temperature Vec 


Am2901PC, OC 0’C to +70°C 4.75 V to 5.25 V 
Am29010M, FM ~55°C to +125°C 4.50 V to §.50 V 


STANDARD SCREENING | 
(Conforms to MIL-STD-883 for Class C Parts} 


Stabilization Bake 
-65'C to +150°C 


Electrical Test 


* 


Subgroups } and 7 


Insert Additio 


nat Screening here for Class B Parts 


Group A Sample Tests 


Subgroup 1 


LTPD=5 


Subgroup 2 . LTPD=7 
Subgroup 3 See below for , LTPO=7 


Subgroup 7 


definitions of subgroups LTPD =7 


Subgroup 8 , LTPD=7 
Subgroup 9 LTPD =7 


“Not applicable for Am2901PC 


ORDERING 


Type 


Molded DIP 0°C to +70°C AM2901PC 
Hermetic DIP O°C to +70°C AM29010C 
Hermetic DIP -55°C104+125°C AM2901DM 

Hermetic FlatPack —-55°Ct04125°C  AM2901FM 
Dice 0O°C to +70°C AM2901XC 


ADDITIONAL SCREENING FOR CLASS B PARTS 


Method Am2901DMB, FMB 
125°C 


Electrical Test 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 

Subgroup 9 - 


Return to Group A Tests in Standard Screening 


Level 


Am2901PC, DC | Am2301DM, FM 


LTPD=5 
LTPO=7 
LTPD =7 
LTPD =7 
LTPD=7 
LTPD =7 


(INFORMATION GROUP A SUBGROUPS 
las defined in MIL-STD-883, method 5005) 


Package Temperature Order ue Z 


Range Number 


Oc 25°C 


OC Maximum rated tempcrature 


1 
2 
3 oc Minimum rated temperature 
7 Function 25°C 

8 


Function Maximum and minimum tated 


temperature 


9 Switching 25°C 
0 Switching Maximum Rated Temeperature 


1 
14 Switching Minimum Rated Temperature 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
(Group A, Subgroups 1, 2 and 3) 


Typ 


Parameters Description Test Conditions (Nore 1) Min. (Note 2) Max. Units 


ton & —1.6mA 
Yo. 1. ¥2. 3 


1OH = —1.0mA, Cased 


lon = -800nA, OVR, P 
loH * ~600uUA 
RAMo, 3. Qo, 3 


lon * —1.6MA,G 2.4 
Output Leakage Current Vec = MIN. Vou 2 5.5V : 
for F = 0 Output Vin = Vir or Vit 
OL = 16MA , 
Yo. Y1. ¥2. ¥3. G 
Vcc = MIN., lo = 10MA, Crag, F20 


Vin * Vin or Vic fo, 2 8.0mA, OVR, P 
Io_ = 6.0mA, F3 
RAMo, 3. 90, 3 
input HIGH Level Guaranteed input logical HIGH 
voltage for ali inputs 
Vit Input LOW Level Guaranteed input logicat LOW 


Input Clamp Voltage Veco = MIN., liye —-T8MA 
Clock, OE 


Vcc «= MIN. 
Vin = Vin oF Vie 


VOH Output HIGH Voltage 


a 


VOL Output LOW Voltage 


Ao. Ay. A2. A3 
Bo. 8;, B2, B3 
Dg. Oy, 02, 03 
Ig. fy, 12,16, Ig 
RAMg 3.09. 3 (Note 4) 


Cy 


ne input LOW Current 


Pere! 
[eeck OE 


RAMg, 3. Qo, 3 (Note 4) 
Ch 

Vcc = MAX., Vin = 5.5V 
Yo. ¥1. 
Y2. Y3 Vo = 0.5V 


Vo *2.4V 
(Note 4) 
Vo + 0.5V 


(Note 4) 
Yo. ¥4. V2. ¥3.G 


Input HIGH Current 


input HIGH Current 


10ZH 


Off State {High Impedance} Vcc = MAX. 
fozt 


Output Current 


o 
8 


Output Short Circuit Current Vcc * 5.75V 


{Note 3) Vo 2 0.5V 


RAMO, 3. [90, 3 
Mititary 
Commerciat 


QO 
oO 


Power Supply Current Vcc * MAX. 185 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate vatue anecitisd under Electrical Charactaristics tor the appticatsle davice tyne. 
Typical limbs ara ot Vcc ~ 5.0V, 26°C ambient and maximum loading, 

Not more than one output ahould be shorted ata timo. Curation of the short ci*cult test should not excoad one second. 

Thase are throe state Outputs internally connected to TTL Inputs, Input characteristics aro moasured with I¢jg in a state such thet the 
three state output is OFF, : 


o's 
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GUARANTEED OPERATING CONDITIONS 

OVER TEMPERATURE AND VOLTAGE 

Tables t, UH, and IH below define the timing requirements of 
the Am2901 in a system. The Am2901 is guaranteed to 
function correctly over the operating range when used within 
the delay and sct-up time constraints of these tables for the 
appropriate device type. The tables are divided into three 
types of parameters; clock characteristics, combinational delays 
from inputs to outputs, and set-up and hold time requirements. 
The latter table defines the time prior to the end of the cycle 
(i.e., clock LOW-to-HIGH transition) that each input must be 
stable to guarantee that the correct data is written into one of 
the internal registers. 


The performance of the Am2901 within the limits of these 
tables is guaranteed by the testing defined as “Group A, 
Subgroup 9” Electrical Testing. For a copy of the tests and 
limits used for subgroup 9, contact Advanced Micro Devices’ 
Product Marketing. 


TABLE I 


CYCLE TIME AND CLOCK CHARACTERISTICS 


Am29010C,PC | Am29010M,FM 


Eats 


Read-Modify-Write Cycle . 
{time from selection of 
A, B registers to end of 
cycle) 


Maximum Clock Frequency to 
* Shift OQ Register (50% duty 
cycie) 


Minimum Clock LOW Time 
Minimum Clock HIGH Time 301s 


TABLE I 
MAXIMUM COMBINATIONAL PROPAGATION DELAYS {alf in ns, CL & 15pF) 


Ch 


D (1 = X37) (Note § 
lo12 

1678 

OE Enable/Disable |40/ 


A bypassing 
ALU ({f = 2xx) 


Clock $ (Note 6) 


A, 8 
Source 
n 


ae 


iccsenesd 
= ) 
n 


N 


fas) ory & | vo ~ 
on ma]; ora i) 


5 


J 
qn oO 
tJ sud 
oO =) Fs 
taf 
8} of fifafalfelsjs} 2 | 


17 


3.5 

| Diarithmetic mode)]| 
| D(= X37) (Note S}] 
Kos De 
flog] 
iya5 | 

'578 | 4 
RAMo,3.00,3 [| 


Notes: 3. See Figure 11 and 12. 


Am2901DC, PC (0°C to +70°C: 5V +5%) | 


Am2901DM, FM (—55°C to +125°C: 5 V +10%) 


[loner 
| 120 | 95 | 90 | 
110 | 80_ 


Am2901DM, FM([—55°C to +125°C, 5V +10%) 


2. If the 8 eddross is Used a8 & source operand, allow for the “A, B tource” set-up time; Hf It is used only for the destination address, use the 


“B dest.” sorup tine, 
. Whore two numbort are thown, both must be met. 
“towel” Is the clock LOW time. 


Oo & & 


OV O 1s the fostost way to load the RAM from the © inputs. This function ts obtalned with ft © 337. 
. Using O rogistor a8 suUurce Operand in arithmetic mode. Clock is not normally in critical apcod path when O le not a sourca, 
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SET-UP AND HOLD TIMES (minimum cycles from each input) — time prior to the clock until the hold time after the clock. The 

set-up times allow sufficient time to perform the correct 
Set-up and hold times are defined relative to the clock LOW-to- operation on the correct data so that the correct ALU data 
‘HIGH edge. Inputs must be stcady at all times from the set-up can be written into one of the registers. 


towk 
(at teat JO ns) 


a 


= — 


i 
i UGGS CHIC) 


Figure 11. Minimum Cycle Times from Inputs. Numbers Shown are Minimum Data Stable 
Times for Am2901 DC, in ns. See Table t1! for Detailed Information. 


pases [/-——— notes 
TIM _| 


NOTE 1 30 ns 


EE TATE 
ae 
i a 
bse te dl 


NOTES 2, 4 


re, “rao, ANXADAARDEXAN i a 
ere: 


55 NOTE 4 


ey | 
Ee a 


LA 


purr ourruns SiG i —_ 


[nore 3 


surrinmurs YA RARER | 


nt 
SET-UP 


This datay Is the max. tod of the rogister containing A, B, DO, and ft. For the Am2918, use 13na. 

- VOne for look-ahead carry. For rippla carry over 16 bits wae 2 x (C, -* Cae), of GOns. 

. This is the dolay astociated with the multiploxor betwoan the shift outputs and shift inputs on the Am29018, Sac 
Figure 19. 

- Not applicatte tor foglc operatione. 

» Cock rising edge may occur here if sud and shift do not occur on same cycte. 


Figure 12. Switching Waveforms for 16-Bit System Assuming A, B, D and | are afl Driven from 
Registers with the samo Propagation Delay, Clocked by the Am2901 Clock, 
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aad 
ORivin input 


DAVE N INPUT ORE IPT 


Cc, = 5.0pF, all inputs. 


750 NOt 791 NOM 


4 


Co = 5.0pF, all outputs. 


5 ° rt : ‘ Fy 
Y OUTPUTS, OVR, Fy 


Figure 13. Am2901 Input/Output Current Interface Conditions. 
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Yee 
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os 7 O1,F 
Veco *5.0V I ~ 
Frequency = 100KHz ” Voc : 20 
Me ; ss Pees 
This circuit conforms to MIL-STO-883, Yec 


method 1015, condition DO. 


Figure 14. Am2901 Burn-tn Circuit. 
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MICROPROCESSING UNIT (MPU) 


The MC6800 is a monolithic 8-bit microprocessor forming the 
central control function for Motorola’s M6800 family. Compatible 
with TTL, the MCG800. as with all M6800 system parts, requires 
only one +5.0-volt power supply, and no external TTL devices for 


bus interface. 


The MC6800 is capable of addressing 65K bytes of memory 
with its 16-bit address lines. The 8-bit data bus fs bidirectional as 
well as 3-state, making direct memory addressing and multiproces- 


sing applications realizable. 
Eight-Bit Parallel Processing 


oe ¢ @ 


® Bi-Directional Data Bus 
@ Sixteen-Bit Address Bus — 65K Bytes of Addressing 
@ 72 Instructions — Variable Length 
@ Seven Addressing Modes — Direct, Relative, Immediate, Indexed, 
Extended, {mplied and Accumulator 
Variable Length Stack 
Vectored Restart 
Maskable Interrupt Vector 
Separate Non-Maskable Interrupt — Internal Registers Saved 
In Stack 
@® Six Internal Registers ~ Two Accumulators, Index Register, 


Program Counter, Stack Pointer and Condition Code Register 
@ Direct Memory Addressing (DMA) and Multiple Processor 


Capability . 
Clock Rates as High as 1 MHz 
Simple Bus Interface Without TTL 
Halt and Single Instruction Execution Capability 


M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 


Read Only 
Memory 


Random 
Access 
Memory 


Interface 
. Adaptor 


interface 
Adaptor 


._ Addrass Data 
Bus ius 


tnput/ 
Output 
Control —<a— 
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MCGE8C0 
MOS 


(N-CHANNEL, SILICON-GATE) 


MICROPROCESSOR 


L SUFFIX 


CERAMIC PACKAGE 
CASE 715 


NOT SHOWN: P SUFFIX 
PLASTIC PACKAGE 
CASE 711 


MC6800 MICROPROCESSOR 
BLOCK DIAGRAM 


Data Bus Address 8us 


Addrass 
Data Registers Registers 
and Buffers and 
Buffers 


Contros 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0Vi 5%, Vsg = 0, Ta = 0 to 70°C unless otherwise noted.) 


“4 

< 

5 

= 

5 
<< 
nn 
nan 
> Jil 
O° 
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<< 
nn 
nn 
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oo 
Ww © 
< 
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. Characteristic Typ 


Input High Voltage Logic VI Vss + 2.0 
a 1,2 Vine Vcc — 0.3 


Input Low Voltage Logic 
1,92 Vitec 


Clock Overshoot/Undershoot — Input High Level Vos Vcc -- 05 
-- Input Low Level ' Vss - 0.5 
ITSI 


Input Leakage Current 
(Ving = 0 to 5.25 V, Veco = max)” 
(Vin = 0105.25 V, Vee = 0.0 V) 


Three-State (Off State) Input Current DO-D7 
(Vin 0.4 102.4 V, Vee = max) A0-A15,R/W 


Adc 
100 


Output High Voltage 
(Wt oad = ~205 zAdc, Vcc = min) 00-07 
(toad = —145 wAdc, Vcc = min) A0-A15,R/W,.VMA 
(lt gag = —100 wAde, Vcc = min) BA 


Output Low Voltage 
(lL oad = 1.6 mAdc, Vec = min) 


oa 
NS) 


Power Dissipation 


Capacitance * . | 01,92 
(Vig = 0, Ta = 25°C, f = 1.0 MHz) 


— 
oO 
© 
ae) 
nN 


Logic Inputs 
AO0-A15,R/W,VMA 


Frequency of Operation 


Clock Timing (Figure 1) 
Cycle Time 


Clock Pulse Width , 
(Measured at Voc — 0.3 V) $1 
$2 


= 
ca 
N 


4500 
4500 


Total 61 and 2 Up Time 


Rise and Fall Times $1,62 
(Measured between Vss + 0.3 V and Vcc — 0.3 V) 


Delay Time or Clock Separation 
(Measured at Voy = Vsg + 0.5 V) 


Overshoot Duration 


*Except IRO and NMI, which require 3 k92 pullup load resistors for wire-OR capability at optimum operation. 
“Capacitances are periodically sampled rather than 100% tested. 


FIGURE 1 — CLOCK TIMING WAVEFORM 
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MAXIMUM RATINGS 


Input Voltage 
Operating Temperature Range TA 010 +70 
Storage Temperature Range *—55 to +150 4 65 


READ/WRITE TIMING Figures 2 and 3, f = 1.0 MHz, Load Circuit of Figure G6. 


Peripheral Read Access Time 
tace = tur — (taD + tosR) 
Data Setup Time (Read) 


Input Data Hold Time o tH 
Output Data Hold Time tH 


Enable High Time for DBE tnput teH 
Data Delay Time (Write) 


Processor Controls* 
Processor Control Setup Time 
Processor Control Rise and Falf Time tpcr. tpcf 
Bus Available Delay tBa 
Three State Enable tTSE 
Three State Delay ITSD 
Data Bus Enable Down Time During #1 Up Time (Figure 3) tOBE 
Data Bus Enable Delay (Figure 3) toBED 
Data Bus Enable Rise and Fall Times (Figure 3) toBEr. (DBE 


This device contains circuitry to protect the 
Inputs against damage due to high static volt. 
ages or electric fields: however, it is advised that 
normal precautions te taken to avoid applica: 
tron of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


*Additional information is given in Figures 12 through 16 of the Family Characteristics — see pages 17 through 20. 


FIGURE 2 — READ DATA FROM MEMORY OR PERIPHERALS 
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DELAY TIME {ns} 


FIGURE 3 ~ WRITE IN MEMORY OR PERIPHERALS 
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FIGURE 6 -- BUS TIMING TEST LOAD 
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FIGURE 7 — VARIATIONS WITH FREQUENCY 
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FIGURE 8 — VARIATIONS WITH TEMPERATURE 
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MPU SIGNAL DESCRIPTION 


Proper operation of the MPU requires that certain con- 
trol and timing signals be provided to accomplish specific 
functions and that other signal lines be monitored to 
determine the state of the processor. 

Clocks Phase One and Phase Two ($1, 62) -- Two pins 
are used for a two-phase non-overlapping clock: that runs 
at the Vcc voltage level. 

Address Bus {A0-A15) — Sixteen pins are used for the 
address bus. The outputs are three-state bus drivers capa- 
ble of driving one standard TTL load and 130 pF. When 
the output is turned off, it is essentially an open circuit. 
This permits the MPU to be used in DMA applications. 


Data Bus (D0-D7} — Eight pins are used for the data 
bus. It is bi-directional, transferring data to and from the 
memory and peripheral devices. [t also has three-state 
output buffers capable of driving one standard TTL load 
and 130 pF. 


Halt — When this input is in the low state, all activity 
in the machine will be halted. This input is level sensitive. 
In the halt mode, the machine will stop at the end of an 
instruction, Bus Available will be at a one level, Valid 
Memory Address will be at a zero, and all other three-state 
lines will be in the three-state mode. 

Transition of the Halt line must not occur during the 
last 250 ns of phase one. To insure single instruction 
operation, the Halt line must go high for one Clock cycle. 


Three-State Control (TSC) — This input causes all of the 
address lines and the Read/Write line to go into the off or 
high impedance state. This state will occur 700 ns after 
TSC = 2.0 V. The Valid Memory Address and Bus Available 
signals will be forced low. The data bus is not affected by 
TSC and has its own enable (Data Bus Enable). In DMA 
applications, the Three-State Control line should be 
brought high on the leading edge of the Phase One Clock. 
The $1 clock must be held in the high state and the 2 
in the low state for this function to operate properly. The 
address bus will then be available for other devices to 
directly address memory. Since the MPU is a dynamic 
device, it can be held in this state for only 4.5 us or 
destruction of data will occur in the MPU. 


Read/Write (RAV) — This TTL compatible output 
signals the peripherals and memory devices whether the 
MPU is in a Read (high) or Write (low) state. The normal 
standby state of this signal is Read (high). Three-State 
Control going high will turn: Read/Write to the off (high 
impedance) state. Also, when the processor is halted, it 
will be in the off state. This output is capable of driving 
one standard TTL load and 90 pF. 

Valid Memory Address (VMA) ~ This output indicates 
to peripheral devices that there is a valid address on the 
address bus. In normal operation, this signal should be 
utilized for enabling peripheral interfaces such as the 


PIA and ACIA. This signal is not three-state. One standard ~ 


TTL load and 90 pF may be directly driven by this active 
high signal, , 


Data Bus Enable (OBE) — This input ts the three-state 
control signal for the MPU data bus and will enable the 
bus drivers when in the high state. This input is TTL com- 
patible; however in normal operation, it would be driven by 
the phase two clock. During an MPU read cycle, the data 
bus drivers will be disabled internally. When it is desired 
that another device control the data bus such as in Direct 
Memory Access (DMA) applications, OBE should be 
held low. 

Bus Available (BA) — The Bus Available signal will 
normally be in the low state; when activated, it will go to 
the high state indicating that the microprocessor has 
stopped and that the address bus is available. This will 
occur if the Halt line is in the low state or the processor 
is in the WAIT state as a result of the execution of a 
WAIT instruction. At such time, all three-state output 


_ drivers will go to their off state and other outputs to their 


normaftly inactive level. The processor is removed from the 
WAIT state by the occurrence of a maskable (mask bit 
{ = QO) or nonmaskable interrupt. This output is capable 
of driving one standard TTL load and 30 pF. 


interrupt Request (IRQ) — This level sensitive input 
requests that an interrupt sequence be generated within 
the machine. The processor will wait until it completes the 
current instruction that is being executed before it recog- 
nizes the request. At that time, if the interrupt mask bit 
inthe Condition Code Register is not set, the machine will 
begin an interrupt sequence. The Index Register, Program 
Counter, Accumulators, and Condition Code Register are 
stored away on the stack. Next the MPU will respond to 
the interrupt request by setting the interrupt mask bit high 
so that no further interrupts may occur. At the end of the 
cycle, a 16-bit address will be loaded that points to a 
vectoring address which ts located in memory locations 
FFF8 and FFF9. An address loaded at these locations 
causes. the MPU to branch to an interrupt routine 
in memory. 


The Halt line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while 
Halt is low. 


The IRQ has a high impedance pullup device internal 
to the chip; however a 3 k{2 external resistor to Vcc: 
should be used for wire-OR and optimum control 
of interrupts. 


Reset — This input is used to reset and start the MPU 
from a power down condition, resulting from a power 
failure or an initial start-up of the processor. If a high level 
is detected on the input, this will signal the MPU to be- 
gin the restart sequence. This will start execution of a 
routine to initialize the processor from its reset condition. 
All the higher order address fines will be forced high. For 
the restart, the fast two (FFFE, FFFF) locations in 
memory will be used to load the program that ts addressed 
by the program counter. During the restart routine, the 
interrupt mask bit is set and must be reset before the MPU 
can be interrupted by FRO. 
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Figure 9 shows the initialization of the microprocessor 
after restart. Reset must be held low for at least eight 
clock periods after Vcc'reaches 4.75 volts. If Reset goes 
high prior to the leading edge of $2, on the next 1 
the first restart memory vector address (FFFE) will 
appear on the address lines. This location should contain 
the higher order eight bits to be stored into the program 
counter. Following, the next address FF FF should contain 
the lower order eight bits to be stored into the pro- 
gram counter. 


Non-Maskable Interrupt (NMI) — A low-going edge on 
this input requests that a non-mask-interrupt sequence be 
generated within the processor. As with the [Interrupt 
Request signal, the processor will complete the current 
instruction that is being executed before it recognizes the 
NMI signal. The interrupt mask bit in the Condition Code 
Register has no effect on NMI. 


_ 


The Index Register, Program Counter, Accumulators, 
and Condition Code Register are stored away on the 
stack. At the end of the cycle, a 16-bit address will be 
loaded that points to a vectoring address which is located 
in memory locations FFFC and FFFD. An address loaded 
at these locations causes the MPU to branch to a non- 
maskable interrupt routine in memory. 

NMI has a high tmpedance pullup resistor internal to 
the chip; however a 3 kQ2 external resistor to VCC should 
be used for wire-OR and optimum control of interrupts. 


Inputs IRQ and NMI are hardware interrupt lines that 
are sampled during $2 and will start the interrupt 
routine on the $1 following the completion of an 
instruction. 

Figure 10 is a flow chart describing the major decision 
paths and interrupt vectors of the microprocessor. Table 
1 gives the memory map for interrupt vectors. 


FIGURE 9 — INITIALIZATION OF MPU AFTER RESTART 
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FIGURE 10 — MPU FLOW CHART 
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MPU REGISTERS 


The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 11). 


Program Counter — The program counter is a two byte 
(16-bits) register that points to the current program 
address. 

Stack Pointer — The stack pointer is a two byte register 
that contains the address of the next available location 
in an external push-down/pop-up stack. This stack ts 
normally a random access Read/Write memory that may 


have any location (address) that is convenient. tn those 
applications that require storage of information in the 
stack when power ts lost, the stack must be non-volatile. 


Index Register — The index register is a two byte register 
that is used to store data or a stxteen bit memory address 
for the Indexed mode of memory addressing. 


Accumulators — The MPU contains two 8-bit acctsmu- 
lators that are used to hold operands and results from an 
arithmetic logic unit (ALU). 
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FIGURE 11 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 
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FIGURE 12 ~ SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK 
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Condition Code Register — The condition code register 
indicates the results of an Arithmetic Logic Unit operation: 
Negative (N), Zero (Z), Overflow (V), Carry from bit 7 
(C), and half carry frony bit 3 (HH). These bits of the 
Condition Code Register are used as testable conditions 
for the conditional branch instructions. Bit 4 is the 
interrupt mask bit (I). The unused bits of the Condition 
Code Register (b6 and b7) are ones. 

Figure 12 shows the order of saving the microprocessor 
status within the stack. 


MPU INSTRUCTION SET 


The MC6800 has a set of 72 different instructions. 
Included are binary and decimal arithmetic, logical, shift, 
rotate, load, store, conditional or unconditional branch, 
interrupt and stack manipulation instructions (Tables 2 
thru 6). 


MPU ADDRESSING MODES 


The MC6800 eight-bit microprocessing unit has seven 
address modes that can be used by a programmer, with the 
addressing mode a function of both the type of instruction 
and the coding within the instruction. A summary of the 
addressing modes for a particular instruction can be found 
in Table 7 along with the associated instruction execution 
time that is given in machine cycles. With a clock fre- 
quency of 1 MHz, these times would be microseconds. 


Accumulator (ACCX) Addressing — In accumulator 
only addressing, either.accumulator A or accumulator B is 
specified. These are one-byte instructions. 

Immediate Addressing — In immediate addressing, the 
operand is contained in the second byte of the instruction 
except LDS and LDX which have the operand in the second 
and third bytes of the instruction. The MPU addresses 


this location when it fetches the immediate instruction 
for execution. These are two or three-byte instructions. 

Direct Addressing — In direct addressing, the address of 
the operand is contained in the second byte of the 
instruction. Direct addressing allows the user to directly 
address the lowest 256 bytes in the machine i.e., locations 
zero through 255. Enhanced execution times are achieved 
by storing data in these locations. In most configurations, 
it should be a random access memory. These are two-byte 
instructions. 

Extended Addressing — In extended addressing, the 
address contained in the second byte of the instruction Is 
used as the higher eight-bits of the address of the operand. 
The third byte of the instruction is used as the lower 
eight-bits of the address for the operand. This is an abso- 
lute address in memory. These are three-byte instructions. 


Indexed Addressing — In indexed addressing, the address 
contained in the second byte of the instruction is added 
to the index register’s lowest eight bits in the MPU. The 
carry is then added to the higher order eight bits of the 
index register. This result is then used to address memory. 
The modified address is held in a temporary address regis- 
ter so there is no change to the index register. These are 
two-byte instructions. 


Implied Addressing — In the implied addressing mode 
the instruction gives the address (i.e., stack pointer, index 
register, etc.). These are one-byte instructions. 


Relative Addressing — ‘In relative addressing, the address 
contained in the second byte of the instruction is added 
to the program counter’s lowest eight bits plus two. The 
carry or borrow is then added to the high eight bits. This 
allows the user to address data within a range of -125 to 
+129 bytes of the present instruction. These are two- 
byte instructions. 


TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABETIC SEQUENCE 


ABA Add Accumulators CLR Clear 
ADC Add with Carry CLV 


Clear Overflow 


PUL Pull Data 
ROL Rotate Left 


AOD Add CMP  =Compare ROR _— Rotate Right 
AND Logical And COM Complement RTI Return or Interrupt 
ASL Arithmetic Shift Left CPX Compare index Register ATS Return trom Subroutine 
ASR Arithmetic Shift Right DAA _Decimat Adjust 

ecimal Agjus SBA Subtract Accumulators 
BCC Branch if Carry Clear DEC Decrement SBC Subtract with Carry 
BCS Branch if Carry Set DES Decrement Stack Pointer SEC Set Carry 
BEQ Branch if Equal to Zero DEX Decrement Index Register SEI Set Interrupt Mask 


BGE Branch if Greater or Equal Zero 
BGT Branch if Greater than Zero 


EOR Exclusive OR 


SEV Set Overflow 
STA Store Accumulator 


BHI Branch if Higher INC Increment . . STS Store Slack Register 
BIT Bit Test INS Increment Stack Pointer 

STX Store Index Register 
BLE Branch if Less or Equal INX Increment Index Register 
BLS Branch if Lower or Same oe subliact 
BLT Branch if Less than Zero oe Heme : id Beene eee. 
BMI Branch if Minus JSR Jump to Subroutine TAB Transter Accumulators 
BNE Branch if Not Equal to Zero LDA Load Accumulator TAP Transter Accumulators to Condition Code Reg. 
BPL Granch if Plus LOS Load Stack Pointer TBA Transfer Accumulators : 
BRA Branch Always LDX Load Index Register TPA Transfer Condition Code Reg. to Accumulator 
BSR Branch to Subroutine LSR Logical Shift Right TST Test 
BVC Branch if Overflow Clear NEG Negate TSX Transfer Stack Pointer to Index Register 

j : T Transter Index Register to Stack Point 
BVS Branch if Overtiow Set NOP No Operation as aly ; , x | gister ack Pointer 

ait for Inte 

oe wompare, Aecurmulaters ORA inclusive OR Accumulator ee oe 
CLC Clear Carry 
Cul Clear Interrupt Mask PSH Push Data 
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OPEAATIONS 
Add 


Add Acmuttes 
Add wath Carry 


And 
Bri Test 


Clear 


Compare 
Compare Acmitrs 
Complement, V's 
Complement, 2's 
{[Negate} 


Decimal Adjust, A 


Oecrement 


Exciusive OR 


Increment 


Load Acmlts 
Or, inclusive 
Push Data 
Puli Data 


Rotate Left 


Rotate Right 


Shift Lett, Arithmetic 


Shift Right, Arethmetic 


Shift Right, Cogre 


Store Acmiltr. 
Subtract 


Subtract Acmltrs. 
Subte. with Corry 


Transfer Acniltes 


Test, Zero of Minus 


. LEGEND: 


MNEMORIC 


ADOA 
ADUB 
ABA 
ADCA 
ADCB 
ANDA 
ANDY 
BITA 
BITB 
CtR 
“CLRA 
CiR8 
CMPA 
cMPB 
CBA 
COM 
COMA 
cOMs 
NEG 
NEGA 
NEGB 
OAA 


DEC 
DECA 
CECB 
EQRA 
EORB 
INC 
INCA 
iNCB 
LDAA 
LOAB 
ORAA 
ORAB 
PSHA 
PSHB 
PULA 
PULB 
ROL 
ROLA 
ROLB 
ROR 
RORA 
RORB 
ASL 
ASLA 
ASLB 
ASR 
ASRA 
ASRB 
tSR 
LSRA 
LSAB 
STAA 
STAB 
SUBA 
S$uBB 
SBA 
SBCA 
SB8CB 
TAB 
TBA 
TST 
TSTA 
TS18 


OP Operatian Code (He sadecunal), 


~ Numbee of MPU Cycles, 


= Numbee of Progtan Bytes, 


+ Asithenrtic Pros, 
Acsthonetoc Monasy, 
Badless: AND, 


TABLE 3 —- ACCUMULATOR AND MEMORY INSTRUCTIONS 


IMME O 
op ~ 
3B 2 
CB 2? 
89 2 
C$ 2 
84 2? 
cé 2 
85 2 
CS 2 
81 2 
Ci 2 
88 2 
C8 2 
86 2 
C6 2 
8A 2 
CA 2 
80 2 
co 2 
82 2 
C2 2 


Ne A A OD 


La 


OP 


Shh 
Ob 


39 
09 
94 
04 
35 
05 


31 
01 


98 
D8 


$6 
D6 
3A 
CA 


$? 
0? 
$0 
00 


$2 
02 


Mop  Cuntents of srmary torsteon pouted tube Stack Pontes, 


Note 


ADDRESSING MOOES 
DIRECT 


faked ter ed CW 


tC te te te 


wis & & 


So .zOe 


ed 


ad 


AA 


fA 


69 


66 


68 


G/ 


Bovtean Inchuuve OF, 


5 2 
5 2 
5 2 
5 2 
7 2 
7 2 
7 2 
y 2 
7 2 
6 2 
6 2 
5 2 
5 2 
5 2 
S$ 2 
» 2 


BA 
FA 


79 


76 


78 


7 


74 


B? 
F? 
b0 
FO 


82 
F2 


10 


a & ww 


Boulean € actuswe OR, 


Complement of 24, 


Transfer Indu, 


Bu 


byte - 


feto, 
fcty, 


Accuouilatas adubeasing mde osteo toss ase enchuded an the cohen tar IMPLIE OU sditeessiny 


a & & & 


and ee 


op ~ 


4F 2 
SF 2 


Ww 2 


43 2 
53.0 2 


40 2 
50 2 
19 2 


4A 2 
5A 2 


4c 2 
sc 2 


Www i & 


36 


32 
33 


a f. & & 


49 2 
59 2 


46 2 
56 2 


48 2 
58 2 


47 2 
Ss? 2 


44 (2 
542 


iw & ww 
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__IMPLIFD 


o_o oe lt 


BOOLEAN/ARITHMETIC OPERATION COND. 
(Al ceguter labels 


sefes to contents) 


oGO-M-~--M 
00-~A-~A 
0O-~B8--B 


Converts Binary Add. of BCO Characters 


inte BCD Format 


AQM--A 

BOM -8B 

Meinl 
A+l—~A 

8+1-B 

M~A 

M-~B 

At+M—A 
B+M—-B 

A Mop, SP - 1 -- SP 
B -- Msp, SP ~ 1+ SP 
SP +1—-SP Mgp-A 
SP +1~SP, Msp B 


rTYrmrrppwpwrreprmrarprvrrprz ops 
ae of » a ft Seeman pene 
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CONDITION CODE SYABOtS: 
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Hews Always 
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CONF REG. 
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ele 
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POINTER OPERATIONS 


Compare Index Reg 
Decrement Index Reg 
Decrement Stack Pte 
Increment Index Reg 

Increment Stack Pau 

Load Index Reg 

Load Stack Pte 

Store tndex Reg 

Store Stack Pntr 

Indx Reg -* Stack Pais 
Stack Pnte -+ Indx Reg 


OPERATIONS 


Branch Always 
Branch If Casry Clear 
Branch If Carry Set 
Branch If = Zero 
Branch Hf 2 Zero 
Branch lf > Zero 
Branch If Higher 
Branch If < Zero 


S8ranch tf Lower Or Same 


Branch If < Zero 
Branch If Minus 


Branch ff Not Equal Zero 
Branch If Overflow Clear 


Branch ff Overfiow Set 
Branch If Plus 

. Branch To Subroutine 
Jump 
Juinp To Subroutine 
No Operation 
Return From Intescupt 


Return From Subroutine 
Soltvare Interrups 
Watt for tntecrupt * 


_SMMED 
MNEMONIC | OP 


CPX 
DEX 
DES 
INX 
INS 
LOX 
LDS 
STX 
‘STS 
TXS 
TSX 


MNEMONIC | 


TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 


TABLE 5 — JUMP AND BRANCH INSTRUCTIONS 


DIRECT 


_ INDEX EXTND IMPLIED 544) 3 AE Q 
op op; ~ | =| oP ~| =| BOOLEAN/ARITHMETIC OPERATION | H]t|N z\vle 
AC | 6 ec] 5 ] 3 Xy- MXp- (Me Ome 
03 | 4 X-1--X elelelfiele 
34 | 4 SP - 1-*SP @el,e; elelele 
og | 4 X+1--X ele, aj:lele 
334 4 SP + 1-*SP ele! eielele 
EE | 6 FE} 5 | 3 M--Xy. (Mie WX ele!) Rie 
AE | 6 BE{ 5 13 M-> SP. (M4 1) -* SPL ejelG@liirie 
BF |.7 FFI 6 | 3 Xo M, Xp (M1) ejel@yiiRie 
AF |? BF} 6 | 3 SPH --M, SPyp -+(M #1) ele@} ii rie 
35 j 4 X-1-SP ele! etelele 
30) 4 SP+1--X ele  etelelet 


RELATIVE INDEX res IMPLIED 


eet een ee 


Le i ee ee 


"WAL puts Addiess Bus, RAY, and Data Bus in the three-state mode while VMA is held low. 


i 


={op|~ | =| 
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None 
C=0 
C=1 
Z=1) 


BRANCH TEST 


N@V=0 
Z+(N@V)=0 


C+2Z=0 


Z+(N@®@V)}=1 


See Speciat Operations 


Advances Prog. Cntr. Only 


See Special Operations 


COND. COOE REG. 


COND. CODE REG. 


Gtefale[i [al 
Pete fel ete 


eeooeoeeteesedsdveseesestesrtste1es 8 6 @ 


a 


@#*eese#eeseteeseseesesteeeteeee @ 


i 


*eeeeeses$e¢?¢<es?teoeseegseeee es 
@#ee0eee5x54u48238 fusetees oe eee &@ @ 
@*eeese*ee@*esseee?20t¢8eeeee%@te¢@ 6 


S) 


e *ee#ee#neesetcoesenrteeeesnsf?t et ¢ 


SPECIAL OPERATIONS 
JSR, JUMP TO SUBROUTINE: . 
PC Main Program : SP Stock PC Subroutine 


AD = JSH ~.sp-2 {| INX + K 
INoxO cei [lean] ; acme 
Pea an ge [inva 
*K © 8-Bit Unsigned Value In4 2) y and Int 2], Fornns 2 
PC Main Program SP Stack PC Subroutine 


n -1 fines Ieee el 
EXTND ; es 
" st LL (S Formed From Sy and $1) 


— «= Stack Pointer After Execution. 


BSR, BRANCH TO SUBROUTINE: 
PC Main Program P Stack : PC Subroutine 


> se-2 [7 


n+] SP-1 
n+2 { Next Main Instr | sP | Int2it 
*K = 7-Bit Signed Value; n+2 Formed From [n+ 2] 4 and [n+ 2] _ 
JMP, JUMP: : 
PC Main Program PC Main Program 


ntl | 
INDXD : EXTENDED 
[xe : 
| K [ext tosction J 
RTS, RETURN FROM SUBROUTINE: | 


PC Subroutine sp —sStack PC =—s- Main Program 
S 


sms] o> 2s : 
mao spi [Wy CO 


RT!l, RETURN FROM INTERRUPT: 


pc Interrupt Program sp Stack PC Main Program 
S casi 1) ero A 
cP err 
SP +2 


Index Register (Xp) 


Index Register (X_) 


TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 
COND. CODE REG. 


OPERATIONS muemontc [op| ~| =| sooveanorenation{ un | 1 [n{z |v 

Clear Carry CLC oc}; 2]1 O-C e/elesye]el aR 
Clear Interrupt Mask CLI OE }2]1 O--1 e;Rielelel|le 
Clear Overflow CLV OA] 2] 1 0-V ejeltelejrRie 
Set Carry SEC 00; 2] 1 1--C ej/elele;el!s 
Set Interrupt Mask SEI of }/211 1--) eisjelelele 
Set Overflow SEV OB] 2] 1 t--V ejejele}sslie 
Acmitr A» CCR TAP og} 2 | 1 A--CCR —_—— (2) —_—— 
CCH -*Acmiltr A TPA of | 2 ea CCR A e | e e | ® | o| e 


CONDITION CODE REGISTER NOTES: «(at setot testis true and cleared otherwise) 


(BuV) Test Resebe 100000007 ? (Bt 8) Test: Sign bet of moses significant (MS) byte = 1? 
(Bat Ch | Teste Resuly - OOUONUUU? 8 (Bar VV) Test: 2°s complement overllow trom subtraction of MMS bytes? 
3 


(Bit C) Fest Qeennal value af most sequbicoot HCO Chorocter greater than nine? (Bit N) | Test. Result tess than cero? (ht 151) 


(Nat cleared if previuesty set ) 3 10 {All} . toad Condition Cody Registers trom Stock. (See Speci Operating) 
(Wt V) Test Opetand — fOGQ0000 prot to executian? | 1 (Bit i} Set whan enteseupt occurs UP prevausty wt, a Non Mashable 
(st VV) Vest Operand OFUETIDD grou to executen? tatecrapt is sequeed to eat the wail state, 
» (BEV) Fest. Set equal tu resatt at NODE after shift hes occurred, #2 (A) Set according tu the contents of Accurmulator A. 
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TABLE 7 ~ INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 
(Timos in Machine Cyclas) 


4 2 % & 2 
4 a ¥ 
ee ee ee: Sx dy 223 
« e 2 a oO« > e = #« % 
égfag?eg é2f& 6 GE E 
ABA e e e e e 2 ° INC 2 e e 6 7? e 
ADC x e 2 3 4 5 @ INS e e @ @© @ 4 
ADD x e 2 3 4 § rs e INX e e e e e 4 
AND x ° 2 3 4 5 e e JMP ° ° » 3 4 e 
ASL 2 ° ® 6 7 e e JSR e ° e 9 #8 Ps 
ASR 2 ° e 6 7 e e LDA x e 2 3 4 5 e 
BCC e e e ° e Py 4 LOS ° 3 4 5 6 © 
BCs ® Py ° a © e 4 LDX e 3 4 5S 6 e!? 
BEA ee e e e -e eo 4 LSR 2 e ° 6 7 e 
BGE ° e e ® ° e 4 NEG 2 ° P 6 7? e 
8GT e e e e he e 4 NOP e ° e 7 e 2 
BHI e e rn ® ® e 4 ORA x e 2 3 4 5 e 
BIT x ° 2 3 4 5 e e PSH Py e r ® ® 4 
BLE ° e e ° e e 4 PUL e ° ° e e 4 
BLS e e e > © e 4 ROL 2 e e 6 7 
BLT e ° ° e e e 4 ROAR 2 se ° 6 7 e 
BMI e ° ® e ° e 4 RTI e e ° e e 10 
BNE ° ° e e ry e 4 RTS ° e e e e 5 
BPL e ° e ° e e 4 SBA ° e e ® ae 2 
BRA a) e e e e eo 4 SBC x ° 2 3 4 5 P 
BSR e e e e « e 8 SEC ° r ry °* ° 2 
BYC e e e e e e 4 SEI eo e e ee e 2 
BVS ° e ® e ® e 4 SEV Ps e e ° °@ 2 
CBA ° ° e ° ® 2 STA x ° e 4 5S 6 e 
CLC ° e ° eo © 2 e STs e ° 5 6 7 e 
CLI e e e e P) 2 se ST™ e e 5 6 7 e 
CLR 2 e e 6 7 .« ° SUB x ° 2 3 4 5 e 
CLV ° e ° a r 2 oe SW e ° e e eo 12 
CMP x e 2 3 4 5 e ® TAB e ° * -e »e 2 
COM 2 r 6 FF e« TAP > e© © e@ e« 2 
CPX e 3 4 5 6 e ° TBA ° e ° e e 2 
DAA ° e eo” e e 2 e TPA ° e e «© e 2 
DEC 2 eee 6 7F e e TST 2 e o 6 7 «6 
DES ee ee ° e 4 TSX ° ° e e 4 
DEX e e r r e 4 0 e TSX e e e e e 4 
EOR x ee 2 3 4 5 @ @ WAI e e °» ee eae JY 
NOTE: Interrupt time is 12 cyctes from the end of 
the instruction being executed, except following 
a WAL instruction. Then it is 4 cycles. 
ra + a oR Re i a A br tao Seer ase Be PERE ore” ere pr ah ato Ai a Oe SN ETD ad zesty weyers SAE, “7 eal deal ae TAT et oe and te et oe ver beats | 
PIN ASSIGNMENT . . .- ae Ae, ee ie ee a PACKAGE DIMENSIONS 
i : Neo ee ahs ie : : ae oe 2 CASE 715-02 
{ 1 (CERAMIC) : 
; ; : 
2 See Page 165 for 
7 3 Plastic Package dimensions. 
; j 
— : 
: 
L.: 5 : 
pia | SE a ee ie ; 
7 I gers et eaee ce ea A C . 
: elie e ray) 6 een ree os Oi a 
j 8 oS tig : H 
| H L SEATING PLANE ed : 
f 9 D ap ee MS | : 
: 10 — ene i 
i 11 
12 DIM 
13 aad : 
t B 
f 14 Cc 
: 15 D , “05 53 0.015 7 0. NOTE: , 
i we _F | 0.26] 1.40 | 0.030 } 0.055 1. LEAOS, TRUE POSITIONED WITHIN 
G 2.54 BSC ___ 0.100 BSC 0.25 mm (0.010) BIA (AT SEATING ; 
7 “HW [076 | 1.78 | 0.030 | 0.0 PLANE), AT MAX. MAT'L 
| 18 Jf 0.20 _ 0.33 CONDITION. { 
‘ K 2.94- v2 4. i i 
19 _t_ | 14.60 | 15.37, 
20 My} yo} ‘ 
; N 0.51 152 “0.020 “0.060 \ 


: ¢ are le 
ik + if ees Pas ~ = ’ - ? rt =*. Be ale “. 4 i 2 Pian a? ao ,* og gig # . eat fe oe ae ; ee a ean % a 4 
pba therhbe ta as od she des tl ee” nls pet lees ae Lee Pia canes one ba at sectarian Odie ated hfe hs. En he a eet be ca bed Late bd dete Ait aes bared ae ob el lee te Cae ie a tenes ble Oe eee 


i 
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Table 8 provides a detailed description of the informa- 
tion present on the Address Bus, Data Bus, Vatid Memory 
Address tine (VMA), and the Read/Write line (R/W) dur- 
ing each cycle for each instruction. 

This information ts uscful in comparing actual with ex- 


SUMMARY OF CYCLE BY CYCLE OPERATION 


ware as the control program ts executed. The information 
is Categorized in groups according to Addressing Mode and 
Number of Cycles per instruction, (In general, instructions 


with the same Addressing Mode and Number of Cycles 


pected results during debug of both software and hard- the table.) 


Address Mode 
and Instructions 


IMMEDIATE 


DIRECT 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


Cycle 
Cycles Zz 


TABLE 8 — OPERATION SUMMARY 


Address Bus : 


Op Code Address 
Op Code Address + 1 


Op Code Address 
“Op Code Address + 1 
Op Code Address + 2 


Op Code Address 
Op Code Address + 1 
Address of Operand 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address + 1 
Op Code Address 
Op Code Address + 1 
Destination Address 
Destination Address 
Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand 
Address of Operand + 1 


Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Op Code Address 

Op Code Address + 1 

Index Register 


Index Register Plus Offset (w/o Carry) 


Index Register Plus Offset 

Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offsut (w/o Carry) 
Index Reyister Plus Offset 

Index Registor Plus Offset +1 
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R/W 
Line ‘ Data Bus 


execute in the same manner; exceptions are indicated in 


Op Code 
Operand Data 


Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 
Address of Operand 
Operand Data 


Op Code 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 

Destination Address 

Irrelevant Data (Note 1) 

Data from Accumulator 

Op Code 

Address of Operand 

Irrelevant Data (Note 1) 
Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Op Code 

Offset 

Irrelevant Data (Note 1) 
irrelevant Data (Note 1) 

Op Code 

Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Operand Data 

Op Code 

Offset 

Ireclevant Data (Note 1} 
Irrelevant Data (Note 1) 
Opersnd Data (High Order Byte) 
Operand Data (Low Order Byte) 


TABLE 8 — OPERATION SUMMARY (Continued) 


Address Modo Cyclo] VMA R/iW) - 
and Enstructions Cyclos it Line Addross Bus Lino Dota Bus 


INDEXED (Continued) 
STA 


Op Code Address 
Op Code Address + 1 
tndex Register 


Op Coda 
Offset 


Irrelevant Data (Note 1) 


os) 


Index Register Plus Offset (w/o Carry) Irrelevant Data (Note 1) 


Index Register Plus Offset Irrelevant Data {Note 4) 
Index Register Plus Offset 
Op Code Address 
Op Code Address + 1 


Index Register : 


Onerand Data 

OpCode 

Offset 

Irrelevant Data (Note 1) 


index Register Plus Offset (w/o Carry) Irrelevant Data (Note 1) 


Index Register Plus Offset Current Operand Data 
index Register Plus Offset Irrelevant Data (Note 1) 


index Register Plus Offset New Operand Data (Note 3) 


ww OO & |W AQ (TO oO A | AD = 


Op Code 
Offset 
Irrelevant Data (Note 1) 


Op Code Address 
Op Code Address + 1 
Index Register 
Index Register Pius Offset (w/o Carry) Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 

Offset 

Irretevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 


Index Register Plus Offset 
Index Register Plus Offset 
Index Register Plus Offset + 1 
Op Code Address 

Op Code Address + 1 

index Register 


Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Index Register 
Index Register Plus Offset (w/o Carry) 


Irrelevant Data (Note 1) 


Irrelevant Data {Note 1) 
EXTENDED 


Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Op Code Address | 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 


Op Code 

Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 


: — 
= 
a) 


_ Op Code Address 


Address of Operand + 1 


Op Code Address + 1 

Op Code Address + 2 
Operand Destination Address 
Operand Destination Address 
Op Code Address 

Op Code Address + 1 

Op Code Aduress + 2 
Address of Operand 

Address of Operand 


Address of Operand 
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Operand Data (Low Order Byte) 

Op Code 

Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
irrclevant Data (Note 1} 

Data from Accumulator 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Isrclevant Data (Note 1) 

New Operand Data (Note 3) 


Address Modo Cyclo 
and Instructions Cycles it 


EXTENDED (Continued) 


INHERENT 


PUL 


TSX 


TXS 


RTS 


ae 


VMA 
Line 


Oo OmOn MoO & WN = IO TO hBwWN — 


ean naee 


Op Code Address 

Op Code Address + 1 

Op Code Address + 2 
Address of Operand 
Address of Operand 
Address of Operand + 1 - 
Op Code Address 

Op Code Address + 1 

Op Code Address + 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer — 1 

Stack Pointer — 2 

Op Code Address + 2 

Op Code Address + 2 


Op Code Address 
Op Code Address + 1 


Op Code Address 

Op Code Address +1 
Previous Register Contents 
New Register Contents 


' Op Code Address 


Op Code Address + 1 
Stack Pointer 

Stack Pointer ~ 1 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

New Index Register 
Op Code Address 
Op Code Address + 1 
Index Register 

New Stack Pointer 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 


Stack Pointer + 2 
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TABLE 8 — OPERATION SUMMARY (Continued) 


Addross Bus ; 


R/W 
Lino Data Bus 


Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte} 
Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Op Code 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Op Code of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1} 

Irrelevant Data (Note 1} 

Address of Subroutine {Low Order Byte) 


Op Code 
Op Code of Next Instruction 


Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 

Op Code 

Op Code of Next Instruction 
Accumulator Data 
Accumulator Data 

Op Code 

Op Code of Next Instruction 
irretevant Data (Note 1) 
Operand Data from Stack 
Op Code 


Op Code-of Next Instruction 


Irrelevant Data (Note 1) 
irrelevant Data (Note 1) 

Op Code 

Op Code of Next Instruction | 
Irrelevant Data 

trrelevant Data 

Op Code 

Irrelevant Data {Note 2} 
trrelevant Data (Note 1) 


Address of Next Instruction (High 
Order Byte} 


Address of Next instruction (Low 
Order Byte) 


’ TABLE 8 —~ OPERATION SUMMARY (Continuac) 


yale VMA R/W 
Cycles Line Line 


Address Mode 


and lastructions Data Bus 


INHERENT (Continued) 


aT 
RTI 


Op Code Address 
Op Code Address + 1 
Stack Pointer 


Stack Pointer — 1 

Stack Pointer — 2 

Stack Pointer — 3 

Stack Pointer -— 4 

Stack Pointer — 5 

Stack Pointer — 6 (Note 4) 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 


1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 


Stack Pointer + 2 
Stack Pointer + 3 
Stack Pointer +4 _ 


Stack Pointer + 5 
Stack Pointer + 6 


Stack Pointer + 7 


Op Code Address 
Op Code Address + 1 
Stack Pointer 


Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer —5 
Stack Pointer — 6 
Stack Pointer — 7 
Vector Address FFFA (Hex) 


Vector Address FF FB (Hex) 


ere 
N 
ND =o O©MN AN AWN 


Op Code 

Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 


Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
Op Code 

Irrelevane Data (Note 2) 
Irrelevant Data (Note 1) 


Contents of Cond. Code Register from 
Stack 


Contents of Accumulator B from Stack 
Contents of Accumulator A from Stack 


Index Register from Stack (High Order 
Byte) 


Index Register from Stack (Low Order 
Byte) 


Next Instruction Address from Stack 
{High Order Byte) 


Next Instruction Address from Stack 
(Low Order Byte) 


Op Code 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address {High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
Irrelevant Data (Note 1) 


Address of Subroutine (High Order 
Byte) 


Address of Subroutine (Low Order 
Byte) 


RELATIVE 
1 Op Code Address Op Code 
2 Op Code Address + 1 Branch Offset 
3 Op Code Address + 2 Irrelevant Data (Note 1) 
4 Branch Address Irrelevant Data (Note 1) 
8SR 1 Op Code Address Op Code 
2 Op Code Address + 1 Branch Offset 
3 Return Address of Main Program Irrelevant Data (Note 1) 
4 Stack Pointer Return Address (Low Order Byte) 
5 Stack Pointer — 1 Return Address (High Order Byte] 
6 Stuck Pointer — 2 Irrelevant Data (Note 1) 
7 Return Address of Main Program Irrctevant Data (Note 1) 
8 Subroutine Address irrelevant Data (Note 1) 
Note 1. Hf device which is addressed during this cycle uses VMA, then the Duta Bus will go to the high impedance three-state condition, 
Depending on bus capacitance, data trom the previous cycle may be retained on the Oats Bus. 
Note 2. Datwis ignored by the MPU, 
Note 3, For TST, VMA QO and Operand dota does not change. 
Note 4. While the MPU is waiting for the interrupt, Bus Available will go high indicating the foflowing states of the control lines: VMA is 


lnw: Address Gus, R/W, and Dutu Bus ure all in the high impedance state. 
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URC 


Solid State 
Division 


Microprocessor Products 


CDP1802D 
CDP1802CD 


Preliminary Data 


COSMAC Microprocessor 


Features: 


Static silicon-gate CMOS circuitry— 
CD4000 series compatible 
instruction fetch-execute time of 2.5/3.75 ps 


=10V 


Compatible with CDP1801 software 

Full military-temperature range (-55 to +125°C) 
High noise immunity, wide operating-voltage range 
Single voltage supply 

No minimum clock frequency - 


Single-phase clock; optional on-chip 
crystal-controlled oscillator 
Simple control of reset, start, and pause 


s 
Zs 
at Voo 
r) 
a 
BS 
gs 
40-Lead Qual-In- ia 
Line Ceramic a Low power 
Package {D) = TTL compatible 
a 
COP 1802D 
CDP1802CD0 Lad 
a 


The RCA-CDP1802 is an LS! COS/MOS 
8-bit register-oriented central-processing unit 
(CPU) designed for use as a general-purpose 
computing of control element in a wide 
range of stored-program systems or products. 


It has the same basic COSMAC architecture 
as the CDP1801 microprocessor {see Fig. 5}, 
but has an expanded instruction set, including 
a more powerful set of branch and ALU 
instructions, and enhanced hardware and 
performance features. The CDPi802 incor- 
porates both the register and control chips 
of the COP1801 on a single chip in a 40-lead 
hermetic dual-in-line ceramic package. 

* The CDP1802D is functionally identical to 
the COP1802CD. The CDP1802D has a 
recommended operating voltage range of 
3-12 volts; the COP1802CD, a recommended 
operating voltage range of 4-6 volts. 


8-bit parallel organization with bidirectional data bus 


Any combination of standard RAM and ROM 
Memory addressing up to 65,536 bytes 
Flexible programmed I/O mode 
Program interrupt mode 

On-chip DMA 

Four I/O fiag inputs directly tested by 
branch instructions : 
Programmable output port 

91 easy-to-use instructions 

16 x 16 matrix of registers for use as 
multiple prograin counters, data 
pointers, or data registers 


aamaiian 


1101. ae 


O2Cms- 27459 


Fig. 1-Typice!l COP1802 microprocessor system. 


@ The Pretiminery Data ase wntended tar guidance pur: 
poten mm evelusing the dewce for equipment Gesgn. 
The Gewce 1 now being devgned for incluson in our 
standard tine of commearciutty avadeble produch. 
For current information on the tletus of thus program, 
Pleawe coniect your HCA Sales Oftice, 


Informatnon furnished by ACA «5 believed 
to be accurate and retable. However, no 
responubility 1s assumed by RCA tor its 
use, nor tur any infringements of patents Trademarkis! Reygatered 
or other ¢aghts of third parties which may 

retult som sts ute. No tcente it granted phsccets): hegesweats) 
by mmphcatsion or otherese umier any 
patent or patent nights of RCA, 
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Printed in USA/2-76 


@ 
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Preliminary CDP1802D, COP 1802CD 


arg Ss ST arg 
Semi Ct TEMPERATURE (Tale 25°C | aa ES 
ets Deets reeet cece] nee ee eee ee Nae: 


iiet-retterb dics 
WM Yee* oo" 3 i 
IEE the * 


ed 


= ' 
#7] croc i 
& ae INSTRUCTION TIME SMITE, of ge be? 
MACOUNE CYCLESIOME FETCH AnD 
OME CELCUIE OPERATION FOR are 
INSTI Files CXCEPT LOG RACH 
26D LONG SHIP wenCM REQUIRE 3 

7Ttt MACHINE CTCLES [OME FETC and 

HELIO LrecuTe OPERations b 
3 4 ‘ 
ESTRUS TION Ting +n 

t 33 4 32 2? 
CLOCK MPYT FREQUENCY Ife, 1— ms 


SfC8- Pw 


MEMORY STSTLM MLCESS Pied Cracce gy ~ ee 


Fig. 3—Typical instruction time vs. memory 
system access time. 


ARCHITECTURE 


The COSMAC block diagram is shown in 

Fig. 5. The principal feature of this system is 

a register array (R) consisting of sixteen 16- 

bit scratchpad registers. Individual registers 

in the array (R) are designated (selected) by a 

4-bit binary code from one of the 4-bit 

registers fabeled N, P, and X. The contents of 
any register can be directed to any one of the 
following three paths: 

1. the- external memory (multiplexed, 
higher-order byte first, on to 8 memory 
address lines); 

. the D register (either of the two bytes 
can be gated to D}; 

. the increment/decrement circuit where 
it is increased or decreased by one and 
stored back in the selected 16-bit 
register. 

The three paths, depending on the nature of 

the instruction, may operate independently 

or in various combinations in the same 
machine cycle. 


With two exceptions, COSMAC instructions 
consist of two B-clock-pulse machine cycles. 
The first cycte is the fetch cycle, and the 
second—and third, if necessary—are execute 
cycles. During the fetch cycle the four bits 
in the P designator select one of the 16 regis- 
ters R(P) as the current program counter. The 
selected register R(P) contains the address of 
the memory location from which the instruc: 
tion is to be fetched. When the instruction is 
read out from the memory, the higher-order 
4 bits of the instruction byte are loaded into 
the | register and the lower-order 4 bits into 
the N.register. The content of the program 
counter is automatically incremented by one 
so that R(P) is now “pointing” to the next 
byte in the memory. 


The X: designator selects one of the 16 regis- 
ters R(X) to “point” to the memory for an 
operand {or data) in certain ALU or 1/0 
operations. 


The N designator can perform the following 
five functions depending on the type of 
instruction fetched: 
1. designate one of the 16 registers in R 
to be acted upon during register opera- 
tions; 


al amGicmt TEMPERATURE C120 be £9°C 
co coor “co” 


ae ee ee = CDP IGOR 


§ 
! 
- 
g 
é 
3 
oe 
S 
J 
g 
2 
e 


o1 ’ 
CLOCE INPUT FREQUENCY (te, I— term 
OFCE-E FORT 


Fig. 4—Typical total power dissipation vs. 
clock input frequency. 


. indicate to the I/O devices a command 
code or device-selection code for peri- 
pherals; 

. indicate the specific operation to be 

' executed during the ALU instructions, 
types of tests to be performed during 
the Branch instructions, or the specific 
Operation required in a class of mis- 
cellaneous instructions (70-73 and 78- 
7B): 

. indicate the value to be loaded into P 
to designate a new register to be used 
as the program counter R{P); 

. indicate the value to be loaded into X 
to designate a new register to be used 
as data pointer R(X). 


The registers in R can be assigned by a pro- 
grammer in three different ways: as program 
counters, as Gata pointers, or as scratchpad 
locations (data registers) to hold two bytes 
of data. 


Program Counters 


Any register can be the main program 
counter; the address of the selected register 
is held in the P designator. Other registers in 
R can be used as subroutine program counters. 
By a single instruction the contents of the P 
register can be changed to effect a “‘call’’ to a 
subroutine. When interrupts are being ser- 
viced, register R(1) is used as the program 
counter for the interrupt servicing routine. At 
ali other times the register designated as pro- 
gram counter is at the discretion of the user. 


Data Pointers 


The registers in R may be used as data 

Pointers to indicate a location in memory. 

The register designated by X {fi.e., R(X)) 

points to memory for the following instruc- 

tions (see Table fj: 

. ALU operations FO-F5, F7, 74, 75, 77; 

. OUtpuUt instructions 61 through 67: 

. input insttuctions 69 through 6F; 

. certain miscellancous instructions—70- 
73, 78. 

The register designated by N {i.e:, R(N)) 

Points to memory for the “load D from 

memory” instructions ON and 4N and the 

“Store DO” instruction BN. The register 

designated by P {i.e., the program counter) is 


& G&A) = 
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used as the data pointer for ALU instructions 
F8-FD, FF, 7C, 70, 7F. During these instruc- 
tion executions the operation is referred to 
as ‘data immediate”. 


Another important use of R as a data pointer 
supports the built-in Direct-Memory-Access 
(DMA) function. When a OMA-In or DMA- 
Out request is received, one machine cycle is 
“stolen”. This operation occurs at the end of 
the execute machine cycle in the current 
instruction. Register R(O) is always used as 
the data pointer during the OMA operation. 
The data is read from (OMA-Out) or written 
into {(OMA-tn) the memory location pointed 
to by the R(0) register. At the end of the trans- 
fer, R(Q} is incremented by one so that the 
processor is ready to act upon the next OMA 
byte transfer request. This feature in the 
COSMAC architecture saves a substantial 
amount of logic when fast exchanges of 
blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh 
cycles. 


A program load facility, using the DN.A-In 
channel, is provided to enable users to toad 
programs into the memory. This facility pro- 
vides a simple, one-step means for initially 
entering programs into the microprocessor 
system and eliminates the requirement for 
specialized “bootstrap’’ ROMs. 

Data Registers 

When registers in R are used to store bytes of 
data, four instructions are provided which 
allow D to receive from or write into either 
the higher-order- or lower-order-byte portions 


SOC. -EaS9 


Fig. 5—CDP 1802 block diagram. 


of the register designated by N. By this 
mechanism (together with loading by data 
immediate) program pointer and data pointer 
designations are initialized. Also, this tech- 
nique allows scratchpad registers in R to be 
used to hold general data. By employing 
increment or decrement instructions, such 
registers may be used as loop counters. 


The Q Flip Flop 


An internal flip flop, Q, can be set or reset by 
instruction and can be sensed by conditional 
branch instructions. The output of Q is also 
available as a microprocessor output. 


Interrupt Servicing 

Register R{1) is always used as the program 
counter whenever interrupt servicing is ini- 
tiated. When an interrupt request comes in 
and the interrupt is allowed by the program 
(again, nothing takes place until the comple- 
tion of the current instruction} the contents 
of the X and P registers are stored in the 
temporary register T, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 
in P. Interrupt enable is automatically de- 
activated to inhibit further interruptions. The 
interrupt routine is now in control; the 
contents of T are saved by means of a single 
instruction {78} in the memory location 
pointed to by R(X). At the conclusion of the 
interrupt, the routine restores the pre-inter- 
rupted values of X and P with a single in- 
struction (70 or 71}. The interrupt-enable 
flip-flop can be activated to permit further 
interrupts or can be disabled to prevent them. 
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COSMAC Register Summary 


ies 
bal le 


Data Register (Accumulator) 
Data Flag (ALU Carry) 
t of 16 Scratchpad Registers 
Designates which register is 
Program Counter 
Designates which register is 
Data Pointer 


N Holds Law-Order Instr. Digit 
h Order instr. Digit 


Holds old X, P after intesrupt 
(X is high byte) 


Interrupt Enable 
Output Flip Flop 


INSTRUCTION SET 


The COSMAC instruction summary is given 
in Table |. Hexadecimal notation is used to 
refer to the 4-bit binary codes. : 


In all registers bits are numbered from the 
least significant bit (LSB) to the most signi- 
ficant bit (MSB) starting with 0. 


R(W): Register designated by W, where 
WEN or X. or P 


R(W).0: Lower-order byte of R(W) 
R(W).1: Higher-order byte of R(W) . 
NO = Least significant Bit of N Register 
Operation Notation 

M(R(N))*D; R(N) +1 ~ 
This notation means: The memory byte 
pointed to by RIN) is loaded into D, and 
R(N} is incremented by 1. 


TABLE I — {NSTRUCTION SUMMARY 
(For Notes, see page 9) 


INSTRUCTION 


MEMORY REFERENCE 
LOAD VIAN 

LOAD ADVANCE 

LOAD VIA X 

LOAD VIA X AND ADVANCE 

LOAD IMMEDIATE 

STORE VIAN 

STORE VIA X AND 
DECREMENT 
REGISTER OPERATIONS 

INCREMENT REG N 

DECREMENT REG N 
INCREMENT REG X 

GET LOW REG N 

PUT LOW REGN - 

GET HIGH REG N 

PUT HIGH REG N 

LOGIC OPERATIONS®® 
R 

OR IMMEDIATE 

EXCLUSIVE OR 

EXCLUSIVE OR IMMEDIATE 

AND 

AND IMMEDIATE 

SHIFT RIGHT 


SHIFT RIGHT WITH 
CARRY 

RING SHIFT RIGHT 

SHIFT LEFT 


SHIFT LEFT WITH 
CARRY 
RING SHIFT LEFT 


MNEMONIC 


OPERATION 


M{IR(N})+D; FOR N NOT O 
M(R(N)}+D; R(N) +1 
M(R{X})*D 

M(R(X))}>D; R(X) +1 
M(R(P))}+D; R(P) +1 
D-M(R(N)) 

D>M(R(X)); R(X) -1 


e *. 


el: 
M(R{P)) OR OD; R(P) +1 
M{R(X)) XOR D*O 

M(RIP)) XOR D>D; RIP) +1 
M(R(X)}) AND D+D 

M(R(P)) ANO D+D; R(P) +1 
SHIFT D RIGHT, LSB(D)}> OF, 
0*MSB(D) 

SHIFT D RIGHT, LS8(D)*DF, 
OF*MSB(D) 


SHIFT D LEFT, MSB(D)*OF, 
O»LSBI{D) 

SHIFT O LEFT, MSB(D)*DF, 
OF*LSB(D) . 


@NOTE: THIS INSTRUCTION 1S ASSOCIATED WITH MORE THAN ONE 
MNEMONIC EACH MNEMONIC IS INDIVIDUALLY LISTED. 
@ONOTE: THE ARITEME TIC OPERATIONS AND THE SHIFT INSTRUCTIONS 
ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE OF. 
AFIER AN ADD INSTRUCTION 
OF « 1 DENOTES A CARRY HAS OCCURRED 
DF «O DOLNOTLS A CARRY HAS NOf OCCURHED 
AFTER A SUHTAACT INSTAUCTION 
DF - 1 DENDIES NO LOHROW DISA TAUE POSITIVE NUMBER 
DF -ODOENOIES A BOHROW DIS TWO'S COMPLEMENT 
THE SYNTAX “-(NOT OF 9° OF NOTES THE SUBTHACTION OF THE BORROW 
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INSTRUCTION SUMMARY {CONT’D) 


INSTRUCTION MNEMONIC |CODE "OPERATION 


ARITHMETIC OPERATIONS®® 


ADD 

AOD IMMEDIATE 

ADD WITH CARRY 

ADO WITH CARRY, 
IMMEDIATE 

SUBTRACT D 

SUBTRACT D IMMEDIATE 

SUBTRACT D WITH 
BORROW 

SUBTRACT D WITH 
BORROW, IMMEDIATE 

SUBTRACT MEMORY 

SUBTRACT MEMORY 
IMMEDIATE 

SUBTRACT MEMORY WITH 
BORROW 

SUBTRACT MEMORY WITH 
BORROW, IMMEDIATE 


M(R(X)) +D-OF, O 

M(R(P)) +D°-OF, D: RIP) +1 
M(R(X)} +0 +OF-DF, D 
M(R{P}} +0 +DOF-DF, D 

R(P} +1 

M(R(X})—D°DF, D 
M{(R(P)J)—D*OF, 0; R(P) +1 
M{(R(X)}—D-—(NOT DF)*DF, D 


M(R(P})—D-—(NOT DF)*OF, D; 
R(P) +1 

D—M{R(X))*DF, O 
D-—-M(R(P))}-OF, OD; 

R(P) +1 

D-—M{R{X}))—(NOT OF)*DF, D 


D—M(R(P))—(NOT OF)*DF, D 
R(P) +1 


BRANCH INSTRUCTIONS—SHORT BRANCH 


SHORT BRANCH 


M(R(P))>R(P).0 


NO SHORT BRANCH R(P} +1 
(SEE SKP) 

SHORT BRANCH IF D=0 iF D=0, M(R(P)}}+R(P).0 

ELSE R(P} +1 ; 

SHORT BRANCH IF : IF D NOT O, M(R(P)}>R(P).0 
OD NOT O ELSE R(P) +1 

SHORT BRANCH IF DF=1 IF OF=1, M(R(P})+R(P).0 

SHORT BRANCH IF POS ELSE R(P) +1 
OR ZERO 

SHORT BRANCH IF EQUAL 
OR GREATER 

SHORT BRANCH IF DF=0 IF DF=0, M({R(P))}>R(P).0 

SHORT BRANCH IF MINUS ELSE R(P) +1 

SHORT BRANCH IF LESS 

SHORT BRANCH !F Q=1 IF Q=1, M({R(P)}R(P).0 

ELSE R(P) +1. 

SHORT BRANCH IF Q=0 iF O=0, M(R(P))>RI(P).O 
ELSE R(P) +1 

(F EF1=1, M(R(P)}>R(P).0 
ELSE R(P) +1 

IF €F1=0, M(R(P))*R(P).0 
ELSE R{P} +1 

IF EF2=1, M(R(P)}RI(P).O 
ELSE R(P) +1 

IF EF2=0, M(R(P))>R(P).O 
ELSE R(P) +1 

iF EF3=1, M(R(P}}*+R(P).O 
ELSE R(P} +1 

IF EF3=0, M(R(P}/RIP).O 
ELSE RIP) +1 

IF EF4=1, M(R(P))*R(P}.O 
ELSE R(P) +1 

iF EF4=0, M(R(P)}*R(P).0 
ELSE R(P) +1 


SHORT BRANCH IF EF1=1 
SHORT BRANCH IF EF1=0 
SHORT BRANCH IF EF2=1 
SHORT BRANCH IF EF2=0 
SHORT BRANCH IF EF3=1 
SHORT BRANCH IF EF3=0 


SHORT BRANCH IF EF4=1 


SHORT BRANCH IF EF4=0_ 


ONOTE: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE 
MNEMONIC EACH MNEMONIC IS INDIVIDUALLY LISTEO 
@ONOTE: THE ARITHMETIC OPERATIONS ANO THE SHIFT INSTRUCTIONS 
ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE OF. 
AFTER AN ADD INSTHUCTION: 
OF = 1 DENOTES A CARHY HAS OCCURRED 
DF = OC OERNOTES A CARRY HAS NOT OCCURRED 
AFTER A SUBDTHACT (INSTHUCTION: 
DF - 1 DENOTES NO LORAOW, OTS A TAUE POSITIVE NUMBEA 
OF - 0 DLNOIES A BORROW. 0 IS TWO'S COMPLEMENT 
THE SYNTAX “-(NUT OF)" DENOTES THE SUBTRACTION OF THE BORROW 


> 
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INSTRUCTION SUMMARY (CONT'D) 


OP 
INSTRUCTION MNEMONIC | CODE OPERATION 


BRANCH INSTRUCTIONS- LONG BRANCH 
LONG BRANCH 


M(R(P))*R(P).4 
M(R(P) 41)*R(P).0 
R(P) +2 


NO LONG BRANCH 
(SEE LSKP) 
LONG BRANCH IF D=0 


[IF D=0, M(R(P))*R(P).4 
M(R(P) +1)*R(P).0 
ELSE R(P} +2 
iF D NOT 0, M{(R(P}}+R{P).1 
MIR(P) +4)*R{(P).0 
ELSE RIP) +2 
IF DF=1, M(R{P))*R(P).1 
M(R(P) +1)*R(P).0 
ELSE R(P) +2 
IF DF=0, MIR(P))+R(P}.1 
M(R{P}) +1)*R(P}.0 
ELSE R(P) +2 
IF Q=1, M(R(P)}>R(P).1 
M(R(P) +1)*+R(P).0 
ELSE R(P) +2 
'1F Q=0, M(R(P))*R(P).1 
M(R(P) +1)*R(P).0 
2 


LS 
SKIP INSTRUCTIONS : 


SHORT SKIP R(P)} +1 
(SEE NBR) 
LONG SKIP 
(SEE NLBR) 
LONG SKIP IF D=0 


LONG BRANCH IF D NOTO 


LONG BRANCH IF DF=1 


LONG BRANCH IF DF=0 


LONG BRANCH !F Q=1 


LONG BRANCH IF Q=0 


R(P) +2 


IF D=0, R(P) +2 
ELSE CONTINUE 
IF D NOT O, R(P) +2 
ELSE CONTINUE 
1F DF=1, RIP} +2 
ELSE CONTINUE 
1F DF=0, R(P) +2 
ELSE CONTINUE 
1F Q=1, R(P) +2 
ELSE CONTINUE 
IF Q=0, R(P} +2 
ELSE CONTINUE 
LONG SKIP IF [€=1 IF 1E=1, R(P) +2 
ELSE CONTINUE 


CONTROL INSTRUCTIONS 


IDLE WAIT FOR DMA OR 
INTERRUPT; M(R(0))}*BUS 
CONTINUE 


LONG SKIP IF DNOTO 
LONG SKIP iF OF=1 
LONG SKIP IF DF=0 
LONG SKIP IF Q=1 
LONG SKIP !F Q=0 


NO OPERATION 

SET P 

SET X 

SET O 

RESET Q 

SAVE 

PUSH X,P TO STACK 


ToM(R(X)) 

(X,P}*T; (XP) M(R (2) 
THEN P+X; R(2)-1 
M(R{X)(X,P); R(X) +1 
IE 

M(R(X))*(X,P); RIX) +1 
OrlE 


RETURN 


DISABLE 


#An idle instruction initiates a repeating S1 cycle. The processor will continue to idle 
until an 1/0 request (INTERRUPT, DMA-IN, or DMA-OUT) is activated. When the 
request is acknowledged, the IDOLE cycle is terminated and the t/O request is serviced, 
and then normal operation is resumed. 


@NOTE: THIS INSTRUCTION IS ASSOCIATED WiTlH MORE THAN ONE 
MNEMONIC. EACH MNEMONIC IS INDIVIOQUALLY LISTED. 
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INSTRUCTION SUMMARY ICONT‘D) 


oP 
INSTRUCTION MNEMONIC | CODE OPERATION 
INPUT-OUTPUT BYTE TRANSFER 


OUTPUT 1 M(R{X}}>BUS; R(X} +1; N LINES = 1, 
OUTPUT 2 MIR (X)} BUS; R(X) +1; N LINES = 2 
; M(R(X))}* BUS; RIX) +1; N LINES = 3 
M(R(X)}*BUS; R{X) 41; N LINES = 4 
M{R(X))> BUS; RIX) +1; N LINES = 5 
M(R(X))}*BUS; R(X) +1; N LINES = 6 
M(R(X))*BUS; R(X) +1; N LINES = 7 
BUS*M(R(X)); BUS*D; N LINES = 1 
BUS*M(R(X)}; BUS*D; N LINES = 2 
BUS*M(R{(X}}; BUS*D; N LINES = 3 
BUS*M(R(X)}); BUS*D; N LINES = 4 
BUS*M(R(X)}; BUS*O; N LINES = 5 
BUS*M(R(X)); BUS*D; N LINES = 6 
~; BUS*D; N_LINES = 7 


* ~~ Long-Branch, Long-Skip and No Op instructions are the only instructions that require 

three cycles to complete (1 fetch + 2 execute). 
Long-Branch instructions are three bytes long. The first byte specifies the condition to 
be tested; and the second and third byte, the branching address. 
The long-branch instructions can: 

2) Branch unconditionally 

b} Test for D=0 or 040 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or Q=1 

e) effect an unconditional no branch 
if the tested condition is met, then branching takes place; the branching address bytes 
are loaded in the high-and-low-order bytes of the current program counter, respectively. 
This operation effects a branch to any memory location. 
If the tested condition is not met, the branching address bytes are skipped over, and 
the next instruction in sequence is fetched and executed. This operation is taken for 
the case of unconditional no branch. : 


2. The short-branch instructions are two bytes long. The first byte specifies the 

condition to be tested, and the second specifies the branching address. 
The short-branch instructions can: 

a) Branch unconditionally 

b} Test for D=0 or D¥O 

c) Test for DF=0 or DF=1 

d) Test for Q=0 or Q=1 2 

e) Test the status (7 or 0) of the four EF flags 

f) Effect an unconditional no branch 
If the tested condition is met, then branching takes place; the branching address byte 
is foaded into the low-order byte position of the current program counter. This effects 
a branch with the current 256-byte page of the memory, i.e., the page which holds the 
branching address. If the tested condition is not met, the branching address byte is 
skipped over, and the next instruction in sequence is fetched and executed. This same 
action is taken in the case of unconditional no branch. 


3. The skip instructions are one byte long. There is one Unconditional Short-Skip (SKP) 

and eight Long-Skip instructions. 
The Unconditional Short-Skip instruction takes 2 cycles to complete (1 fetch + 1 execute}. 
Its action is to skip over the byte following it. Then the next instruction in sequence is 
fetched and executed. This SKP instruction is identical to the unconditional no-branch 
instruction (NBR) except that the skipped-over byte is not considered part of the program. 
The Long-Skip instructions take three cycles to complete (1 fetch + 2 execute). 
They can: 

a) Skip unconditionally 

b) Test for 0-0 or D40 

c} Test for OF =G or OF =1 

d)} Test for Q=0 or O=1 

e) Test for 1E=1 
If the tested condition is met, then Long Skip takes place; the current program counter 
is incremented twice. Thus two bytes are skipped over and the next instruction in sequence 
is fetched and executed. If the tested condition is nat met, then no action is taken. 
Execution is continued by fetching the next instruction in sequence. 


26: 
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BUS Oto BUS 7 
(Data Bus} 


NO to N2 (t/O Command) 


EF 110 EF4 
(4 Flags) 


INTERRUPT, OMA-IN, 


DMA-OUT 
{3 1/O Reauests} 


Sco, $C1, 
(2 State Code Lines) 


TPA, TPB 
{2 Timing Pulses) 


MAO to MA? 
(8 Memory Address Lines} 


SIGNAL DESCRIPTIONS 


B-hit directional DATA BUS fines. These lines are used for 
transferring data between the memory, the microprocessor, 
and t/O devices. 


Issued by an 1/0 instruction to signal the 1/0 control togic 
of a data transfer between memory and 1/O interface. These 
lines can be used to tssuc Command codes or device selection 
codes to the /O devices (independently or combined with 
the memory byte on the data bus when an I/O instruction 
is being executed). The N bits. are low at all times except 
when an 1/0 instruction ts 5 being executed. During this time 
their si State “is th “the s same as t the corresponding _bils in the N 


register. 

The direction of data flow is defined in the 1/0 instruction 

by bit N3 and is indicated by the level of the MRO signal. 
MRO = Vcc: Data from I/O to CPU and Memory 


MRD = Vos: Data from Memory to 1/0 


These levels enable the 1/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional! branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to “‘call the attention” of the processor, in which 
case the program must routinely test the status of these 
flaq{s). The fiag(s) are sampled at the beginning of every S1 
cycle. 

These signals are sampled by the COP1802 during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 

interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to 0 (inhibit); and instruc- 
tion execution is resumed. 

DMA Action: Finish executing current instruction; R(O) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and increment R(O). 


Note: In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by OMA-OUT and 
then INTERRUPT. 

These lines indicate that the CPU is: 1) fetching an instruc- 
tion, or 2} executing an instruction, or 3) processing a OMA 
request, or 4) acknowledging an interrupt request. The levels 
of state code are tabulated below. All states are valid at TPA. 
H=Vec, L= Vss. 


State Code Lines 
| St(Execute) [Lb | 
| S2(DMA) | OH 
[83 tintersupi | A 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by !/O controtlers to interpret 
codes and to time interaction with the data bus. The 
trailing edge of TPA is used by the memory system to latch 
the higher-order byte of the 16-bit memory address. TPA is 
suppressed in IDLE when the CPU is in the load mode. 


The higher-order byte of a 16-bit COSMAC memory address 
appears on the memory address tines MAQ-7 first. Those 
bits required by the memory system are strobed into ex- 
ternal address tatches by timing pulse TPA. The low-order 
byte of the 16-bit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of G4K bytes. 
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MWR (Write Pulse} A’negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 
MRD (Read Level} A low level on MRD indicates a memory read cycle. It can 


be used to control three-state outputs from the addressed 
memory which may have a common dala input and output 
bus. If amemory docs not have a three-state high-impedance 
output, MRD is useful for driving memory/bus separator 
gates. It is also used to indicate the direction of data trans- 
fer during an 1/0 instruction: 


MRD = Vcc: Data from 1/0 to CPU and Memory 


MRD = Vcc: Data from Memory to I/O 


Q Single bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction 
execution, O is set or reset between the trailing edge of 
TPA and the leading edge of TPB. 

CLOCK Input for externally generated single-phase clock. A typical! 
clock frequency is 6.4 MHz at Vcc = Vopo = 10 volts. 
The clock is counted down internally to 8 clock pulses per 
machine cycle. 

XTAL Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTALY)in parallel with a resistance (10 megohms typ.}. 
Frequency trimming capacitors may be required at terminals 


1 and 39. 
WAIT, CLEAR Provide four control modes as listed in the following truth 
(2 Control Lines) table: 


L L 
L H 
H L 
H H 


The function of the modes are defined as follows: 
Load : 


Holds the CPU in the IDLE execution state and allows an 
1/0 device to load the memory without the need for a 
“bootstrap” loader. It modifies the IDLE candition so that 
DMA-IN operation does not force execution of the next 
instruction. 
Reset 
Registers 1, N, Q are reset, !E is set and 0’s (Vgc) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
heid and the CPU is placed in St. The first machine cycle 
after termination of reset is an initialization cycle. During 
this cycle the CPU remains in $1 and registers X, P, and R(0) 
are reset. Interrupt and DMA servicing are suppressed during 
the initialization cycle. 
The next cycle is an SO, S1, or an S2 but never an $3. With 
the use of a 71 instruction followed by 00 at memory 
locations 0000 and 0001, this feature may be used to reset 
IE, so as to preclude interrupts until ready for them. Power- 
up reset can be realized by connecting an external RC to 
CLEAR. 

. Pause 
Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input clock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 
Run 
May be initiated from the Pause or Reset mode functions. 
ff initiated from Pause, the CPU resumes operation on the 
first negative high-tolow transition of the input clock. 
When initiated from the Reset operation, the first machine 
cycle following Reset is always the initialization cycte. The 
initialization cycle is then followed by a OMA (S2) cycle or 
fetch (SO) from location 0000 in memory. 

ee 
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Vop. Vss. Vcc The internal voltage supply Von is isolated from the Input/ 

(Power Levels) Output voltage supply Vcc so that the processor may 
operate at maximum speed while interfacing with various 
‘external circuit technologies, including T2L at 5 volts. Vec 
must be less than or equal to Vpp. All outputs swing from, 
Vso to Voc. The recommended input voltage swing is 


Vss to Vcc: 


Bisa. ca0-int 


int. Saad LOS eecs- grave 


Fig. 6-CDP1802 microprocessor state 
transitions (Run Mode]. 


The CDP1802 and CDP1802C CPU state 
transitions when in the RUN mode are shown 
in Fig. 6. Each machine cycle requires the 
same period of time-8 clock pulses. The 
execution of an instruction requires either - 
two or three machine cycles, SO followed by 

a single S1 cycle or two S1 cycles. S2 is the 
response to a DMA request and S3 is the 
interrupt response. 


OPERATING AND HANDLING CONSIDERATIONS FOR CDP1802D AND CDP1802CD 


1. Handling 

Alf inputs and outputs of this device have 

a network for electrostatic protection 
during handling. Recommended handting 

practices for COS/MOS devices are de- 
scribed in ICAN-6000 “Handling and 
Operating Considerations for MOS In- 
tegrated Circuits’’, available on request 

from RCA Solid State Division, Box 3200, 
Somerville, N.J. 08876. 


2. Operating 
Operating Voltage 
During operation near the maximum 
supply valtage timit, care should be taken 
to avoid or suppress power supply turn- 
on and turn-off transients, power supply 
ripple, or ground noise: any of these 
conditions must not cause VOpH-Vss to 


CDP1802D, CDP1802CD 
40-Lead Dual-In-Line Ceramic 


etcm-sroes 


When incorporating RCA Solid State Devices In 
equipment, It is recommended thet the designer 
refer to “Operating Considerstiona tor ACA Sotid 
State Devices’, Form Nao. 1CE 402, avellebte on 
request from HCA Soild State Division, Box 3200, 
“Somerville, N. J. QuHlG. 


RCAISolid Stete Division| Somerville, NJ 08876 


exceed the absolute maximum rating. Vcc 
must be less than equal to Vop. Power 
supplies should be sequenced to insure 
compliance. . 
Input Signals 
To prevent damage to the input protec- 
tion Circuit, input signals should never be 
greater than Vpp nor less than Vss. 
input currents must not exceed 10 mA 
even when the power supply is off. 
Unused Inputs 

_ A connection must be provided at every 
input terminal. AH unused input termi- 
nals must be connected to either Vpp or 
Vss. whichever is appropriate. 


Output Short Circuits 


Shorting of outputs to Vop or Vssg may 
damage COS/MOS devices by exceeding 
the maximum device dissipation. 


DIMENSIONAL OUTLINE 


in| MAX. 

[20.30 [$130 | i960 | 2020 
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NOTES 

¥. Leads within 0 13 mm (0 005) radius of true portion 
él maaitnum material condtion, 

2. Oimennon “Ll to center of leads when formed parallel, 

3. Whea thi dewce a supplied saider dipped, the masimum 
tead thichnais (nattow portion) will not exceed 0013 in. 
(Q 33 mm) 
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